Section 4

Water Quality |npacts

To estimate the change in water quality that is expected to take place
under the various options for reducing pollutant loadings it is necessary to
take into account the change in |oadings, the dispersion pattern in the
Har bor from the point of discharge to the areas where recreation and fishing
take place (receptor areas), and the current anbient water quality in these
ar eas. The reception areas defined for the purposes of this study are shown
in Figure 4-1. Pol | ut ant | oadi ngs continue under all treatnent options but
at rates less than the current ones. Thus, percent inprovenents in water
quality are related to percent reductions in pollutant |oadings under the
various options. The changes experienced under any of the options are not
expected to be in the form of new dispersion patterns but rather are expected
to be concentration reductions in the water colum. The changes are
i ncrenental ones, evaluated in relation to current |oadings and current

anbient quality.

4.1 Water Quality Inpacts of STP Dischargers

To assess the inpact of STP discharges in Boston Harbor it is inportant
to know how such di scharges are dispersed throughout the Harbor. Si nce
di scharges to the Harbor are subject to diverse and variable conditions, the

wat er quality throughout the Harbor is not uniform A few nodels have been

devel oped to quantitatively explain sonme of these variations and to correlate



Figure 4-1. Receptor Areas for the Boston Harbor Study
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STP di scharges with water quality. The DI SPER nodel, devel oped at Massachu-
setts Institute of Technol ogy, was designed specifically to quantify the

di spersion of STP discharges into Boston Harbor. This model was used in the
assessment of a deep ocean outfall in the MDC s application for a waiver to
secondary treatnent (Metcalf and Eddy, 1979). W use the dilution ratio
results to predict relative changes in water quality but use anbient water

quality data from ot her sources.

The DI SPER nmpdel (and the associ ated CAFE nmodel) relies largely on water
novement (currents) to describe dispersion.2/ It npdels BOD only and
predicts volunetric inflows and outflows from the Harbor. Vet her pol | ut ant
| oadi ngs nove exactly as does the water is unknown because settlenent and
deconposition in transport, propensities of marine organisns to assinilate
wastes, etc., are not precisely understood. Assunptions regarding settling
rates, decay rates, biological uptake, and chem cal reactions are enployed in
running DI SPER This nodel is useful in conparing relative dispersion
differences for the different STP options while precise, absolute val ues
predicted by DI SPER nmay not be as reliable. It was with this in mnd that
the maps of dilution ratios in Section 2 were devel oped based on the DI SPER

nodel (Figures 2-4, 2-5, and 2-6).

In order to use the dilution ratios produced by DI SPER to assess water
quality inmpacts, current water quality nust be known. The Boston Regi ona
O fice of the Environnental Protection Agency (Region |) has recently
undertaken to bring together all water quality sanpling data collected in the

Harbor since 1968. They have stored the data in a conputer systemcalled the

2/ See Appendi x A.2 for a further description of this nodel
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Bost on Harbor Data Managenment System and, in Decenber 1983, coul d produce
conput er-generated maps with statistically-averaged data for various points

t hr oughout the Harbor and adjacent waters. The information fromthis system
that we used in the analysis below includes data on fecal coliform BCDS,
and total suspended solids averaged over the years 1968 to 1983 at the

receptor sites of interest to this study.

To calculate the water quality inpacts of reduced pollutant | oadings
under the various STP options, the change in effluent concentrations were
multiplied by the dilution ratios at the various receptor sites (Table 4-1).
The reduction was conpared to current anbient quality to calculate a
percentage change in water quality. This sinplified approach is clearly not
accurate if absolute values for water quality are desired. The nature of
both the current water quality data and the limtations of the dispersion
nodel preclude any attenpt to predict absolute val ues. However, for the
purposes of our analysis percentage changes in water quality with a range to

i ndicate the degree of uncertainty is sufficient.

4.2 Water Quality |Inpacts of Conbined Sewer Overfl ows

The individual contractor reports on conmbi ned sewer overfl ows included
nodel ing for water quality inpacts. In those reports the inpact was
eval uated using both statistical and tine-varying nodels. The statistica
nodel i ng was used to produce a long-term picture of the quality of water in
different segnents of the harbor. The tine-variable nodel produced dynamic
changes in water quality over a finite period of tinme in order to predict the

results of discrete storm events. Total coliform counts were used in both
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Table 4-1. Ef fl uent Concentrations and Dilution Ratios
Used in the Water Quality I nmpact Analysis

EFFLUENT CONCENTRATI ONS 2/

| __Existing Facilities | Deep Ocean ] Secondary
! Deer Nut | Qutfall | Tr eat ment
Pol I ut ant | Island I sl and | Option | Option
Fecal Coliform 1500 1500 1500 1500
(VPN 100 i)
BODg (ny/ 1) 127.6 105 115 30
TSS (ny/ 1) | 121 110 86 30

2/ values as summarized in EPA (1983) and Metcalf & Eddy (1979).
b/ | ncl udes sl udge discharged into Presidents Roads.

DI LUTI ON RATI OS &/

Qutfall Location

Receptor Area Presi dents Roads Nant asket Roads Ccean CQutfall
(Deer _1sland) (Nut__Isl and)
Constitution Beach 500
Dor chester Bay 100- 200
Qui ncy Bay 50- 100
Hi ngham Bay --- 100- 200 T
Cut er Harbor 1|sl ands 50 50 T
Brewsters |Islands 500 500 200
Nant asket Beach --- 500 200
Massachusetts Bay 1000 1000 200

€/ From DISPER contour naps.
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the statistical and tine-variable nodels. Although the nodels predict actua
total coliformcounts for both existing conditions and under the recomended
plan, we state the results in terns of relative percentage changes both to

i ndicate the degree of uncertainty and as sufficient for our purposes.

The studies of the Quincy sewer systens did not nmodel water quality. In
this study we have assunmed the situation to be simlar to the Dorchester Bay

area in this regard.

4.3 Estimated Water Quality Inpacts of the STP and CSO Treatnent Options

Tabl e 4-2 presents the results of the water quality inpact anal yses. The
entries are ranges of predicted percentage change in water quality due to
each treatnment option at each receptor site. Tabl e 4-3 presents best-guess
point estimates for the sane options and receptor sites. (Appendi x A gives
details for these cal cul ations.) These were conpiled for use in several of
the benefit estinmation approaches. Again it should be noted that linmitations
of both data and nethodol ogy preclude estimation of absolute changes in water
quality. However, relative percentage changes are adequate for the benefit

estimation procedures to be used in the remaining sections of this report.

This report investigates pollution due to sewage treatnent plant
di scharges and conbi ned sewer overflows. Oher point and non-point sources
exi st which were not included in the scope of this report. They incl ude the
| arge anount of shipping and boating in the Harbor, run-off from urban areas
not collected by the sewer system and potential resuspension of pollutants
from sedinments in the Harbor. Thus, our estinmates of water quality changes
do not reflect conplete reduction of pollutant |evels because of these other

sources whose inpact is, essentially, unknown at this tine.



Table 4-2. Estimated Water Quality Inpacts of the CSO and STP
Treatment Options
Percent Pollution Reduction by
| Treatnent Option
\ Conbi ned | Deep Crean | Secondary
Receptor Area | Sewer Overflow | Qutfall | Treatment
Storm Sewer
Constitution Beach 50 to 80 5 to 10 0 to 5
Dor chest er Bay 60 to 90 10 to 25 5 to 15
Qui ncy Bay 60 to 90 10 to 20 10 to 20
H ngham Bay - 15 to 40 15 to 40
Quter Harbor |slands - 60 to 90 30 to 80
Brewsters |slands - -10 to -15 30 to 40
Nant asket Beach - - -5 to -10 0 to 5§
Massachusetts Ray -- -35 to -45 15 to 20
Charles River 50 to 80 -- .-
Not e: Positive figures denote inproved water quality. Negative figures
denote degradation in water quality.
Sour ce: See Appendix A for details of the cal cul ations.
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Table 4-3. Estimates of Pollution Reduction at Receptor

Sites in Study Area (Point Estimates)

| Percent Pollution Reduction by Treatnment Option

| CSO/ Storm | Beep Ccean | Secondary
! Sewer ] Qut fal | ] Tr eat ment
Constitution 70 10 5
Dor chest er/ Neponset Bay
Castle Island 80 10 10
Pl easure Bay 80 10 10
Car son 80 10 10
Mal i bu 80 10 10
Tenean 80 10 10
Wl | ast on 80 10 10
Qui ncy 80 10 10
Weynout h - 30 30
Hi ngham - 30 30
Hul | - 30 30
Qut er Harbor | sl ands -- 80 70
Brewsters |s|and - -15 40
Nant asket Beach —_— -10 --
Massachusetts Bay -- -40 20
Charl es River 70 - - - -

Note: Positive figures denote inproved water quality. Negative figures denote
degradation in water quality. Based on Table 4-2.
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Section 5

Approaches to Measuring Benefits from Water Quality | nprovenent

Esti mates of changes due to changi ng anmbient pollutant |evels are the
basis for benefit measurenents. These changes include effects on hunman
heal th, human activities, such as recreation, and the availability of goods
and services. The econonic value individuals place on the reduction of the
adverse effects due to pollutants is the nmeasure of benefits. As will be
seen throughout this report, for some effects, such as ecol ogi cal changes,
current efforts can only, at best, delineate the physical changes; for
others, either a partial or full econom c evaluation is possible, Thi s
section describes the economc theory appropriate to measuring such benefits

and the classification scheme used in this study.

5.1 Theoretical Concepts

The benefits of inproved water quality resulting frominplementation of
pollution control options can be classified in many ways. One way is to
divide theminto benefits to users of the water resource and benefits to
non-users, or intrinsic benefits, as presented in Table 5-1. Potenti a
benefits from water pollution abatenent accrue from current users or from

intrinsic val ues. Current user benefits stemfromeither indirect use

(near-stream activities that are enhanced by the water body such as

pi cni cki ng, jogging, hiking or viewing), direct use of water resources for



Table 5-1. A Spectrum of

Water Quality Benefits

Direct

—— Recreational -- fishing, sw nmng, boating, rafting, etc.
Use In Stream -
‘—— Commerci al --fishing, navigation
Current
User
Benefits ~—— Muni ci pal --drinking water, waste disposal
W t hdr awal — Agricultural--lrrigation
~—— | ndustrial/Comercial --cooling, process treatnent,
wast e di sposal, steam generation
Pot ent i al
Wat er
Quality
Benefits
~—— Recreational -- hiking, picnicking, birdwatching, photography, etc
Near Stream Rel axati on--vi ew ng
—— Aest hetic--enhancenent of adjoining site amenities
I ndi rect
Use
Intrinsic —— Near-term potential use
Benefits . -]
Option lL— Long-term potential use
Pot ent i al
Use
~——— St ewar dshi p--mai ntai ning a good environnent for everyone to enjoy
(including future famly use--bequest)
No Exi stence |
Use l— Vi cari ous consunption--enjoynment from the know edge that others
are using the resource.
Source: Adapted from RTI, 1983.
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i nstream purposes (recreational and comercial), or wthdrawal purposes
(municipal, agricultural, industrial/comercial). Intrinsic benefits are
based on non-user valuation of the existence of the resource, and on the
potential future use of the resource. Since the distinction between these
types of benefits is not always clear-cut and since nany of the analytica
techni ques used to neasure benefits cover nore than one of these types of
uses, we have chosen to reclassify the water uses according to the economc
entity to which the benefits accrue (see Table 5-2). Here, benefits flowto
househol ds as recreators in, on or near the water and as consuners, who
benefit directly or indirectly (secondary benefits) from the increased
econom c activity in the prinmary sectors, and to producers who use the water
resources. The benefits that will accrue from pollution abatenment in Boston

Har bor are noted with an asterisk in Table 5-2.

Most of the nethodol ogi es used to neasure the benefits to society from
environnental inprovenents are based on the theory of welfare econom cs and
the concept of willingness to pay (WIP). This econonmic theory is founded on
the principle that the "demand® for water quality is the sum or aggregate of
how much individuals of a society would be willing to pay to receive
additional increnments of inmproved water quality. The concept of willingness
to pay has been translated into other alternative theoretical neasures of
willingness to pay, including consunmer surplus, conpensating variation, and
equi val ent  variation. In sinple terms, consuner surplus is the difference
bet ween what individuals are willing to pay and what they actually pay for a

good. Figure 5-1 illustrates this individual demand function which

2/ The foll owi ng discussion is based on material discussed and presented
in RTI, 1983.
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Table 5-2. Econonmic Benefit Categories

(Alternative Typol ogy)

Benefits to Househol ds

A. Recreati on Benefits:

1. Swinm ng* —_—
2. Fishing* Direct Use

3. Boating*

4, Aest hetic*

5. Near - stream recreation* I ndirect Use
6.

7.

Opti on val ue*
Pot ent i al or non-use

Exi st ence*

B. Consunption Benefits:
1. Commercial Fisheries*
2. Health
a. Swi nming*
b. Food Consunption*

C. Ecological*

Il. Benefits to Producers:
A.  Commercial Fishing*
B. Municipal drinking and wastewater
C. Agricultural
D. Industri al

E. Navigational

I, Secondary Effects*

* Benefits from pollution abatenent in Boston Harbor.



Figure 5-1. The Demand Function and
the Consumer Surplus Welfare Measure.
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descri bes, for any commodity X, the maxi mum ampunt an individual woul d be
willing to pay for each quantity of X.é/ The downward sl ope of the curve
illustrates that individuals are willing to buy nore of comobdity X at | ower
prices than at higher prices. The sinple two-dinmensional diagramin Figure
5-1 assunes all other factors that nmight influence denand--incone, the prices
of related goods, etc.--do not change. At price Py the individual will

pur chase Qo of X and make a total expenditure of PyAQ,0. Because t he
demand curve neasures the individual's maxi mum willingness to pay for each

| evel of consunption, the total willingness to pay for QO can be derived:

total expenditures plus the triangle Pj

i ndividuals actually pay with a constant price per unit and the anpunt they

POA. The difference between what

are willing to pay is defined as the consunmer surplus.

As a dollar measure of individual welfare, however, consuner surplus is
not ideal, The npbst direct way of understanding its limtations is to
consi der the measurenents underlying an ordinary Marshallian demand
function. An individual's denmand function describes the nmaxi num an
i ndi vidual with a given nom nal income would be willing to pay for each |eve
O consunption of a particular good. Specifically, if the price paid
changes, it will affect not only what the individual can purchase of this
good, but also the purchases of all other comvpdities through its effect on
the remai ni ng di sposable income. Thus, novenent along a conventional demand
function affects the level of satisfaction an individual will be able to
achieve with a given incone. For exanple, suppose the price of hypothetica

good X declines to Py. The individual can purchase the sanme quantity of X

at its new price as indicated in Figure 5-1 by the area OPlBQo and have
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income remaining, as given by P)P4AB, to purchase nmore X or nore of other
goods and servi ces. The novenent to a Consunption |evel of OQl descri bes

the increased selection of X under the new price. This change leads to a

hi gher utility | evel because nore goods and services can be consuned with the
same incone, For consunmer surplus to provide an "ideal' dollar neasure of

i ndi vidual well-being, however, the appropriate area under an Hicksian

i ncome- conpensat ed denmand curve rather than an ordinary Marshallian demand
curve, should be used. Neverthel ess, ordinary Marshallian demand curves are
much easier to estimate, and WIlig (1976) has shown that they provide a

reasonably cl ose approximation to the "ideal" neasure

The four "ideal" Hicksian welfare nmeasures are summarized bel ow (Hicks,

1943):

o Conmpensating variation (CV)--the ampunt of conpensation that
nmust be taken from an individual to | eave himher at the sane
| evel of satisfaction as before the change.

o Equi val ent variation (EV) --the anmpunt of conpensation that
must be given to an individual, in the absence of the change
to enable himher to realize the same |evel of satisfaction
he/ she woul d have with the price change.

o Conpensating surplus (CS) --the anpbunt of conpensation that
nmust be taken from an individual, |eaving hinfher just as
well off as before the change if he/she were constrained to
buy at the new price, the quantity of the conmpdity he/she
woul d buy in the absence of conpensati on.

o Equi val ent surplus (ES) --the anpbunt of conpensation that nust
be given to an individual, in the absence of the change, to
make him her as well off as he/she would be with the change
if he/she were constrained to buy at the old price the
gquantity of the commobdity he/she would buy in the absence of
conpensati on

If commodity X in Figure 5-1 represents environnmental quality, then in

order to neasure environnental inprovenment benefits it is necessary to
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neasure the marginal benefit curve for environnental quality, estimate the

| evel s of environnental quality before and after environmental changes, and
then cal cul ate the area under the margi nal benefit curve. This is difficult
to do because there exists no explicit market for environmental quality.
Therefore, a variety of alternative techniques to neasuring wllingness to
pay for inprovements in environmental quality have been devel oped. These
techniques fit three mjor categories: (1) the specific danmages approach;

(2) the inplicit market approach; and (3) the hypothetical contingent

val uati on approach. The specific damages approach involves nobnetizing a
physi cal nmeasure of danmmge per unit receptor per pollutant and conbines this
with the anmbunt of receptor popul ation. This measure is considered a crude,

| ower -bound proxy for willingness to pay. The inplicit nmarket approach stens
fromthe observation that perceptions and values of environmental quality are
reflected in individuals' behavior in markets related to environnental
quality, such as property values or travel costs to recreational sites. The
contingent valuation approach relies on surveys or bidding experinments which
elicit direct nmeasures which are contingent on the hypothetical franmework

from whi ch individual valuations are obtained.

The nost fundamental approach to benefit valuation is the inplicit market
approach, or supply/demand anal ysis because it enables the cal culation of
consumer and producer surplus at an equilibrium The denmand for water
resources of a particular quality arises froma desired use activity--uses
for recreational activities, industrial water uses, w thdrawals for supplies,
etc. Each of these uses requires a certain quality of water and the demand

depends on potential uses at a given geographic |ocation. To evaluate the
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effects of changes in water quality, demand for a use activity nust be

cal cul at ed. It is not always possible, however, to conduct demand curve
estimation for benefit calcul ations. In reality, only a partial form of
demand anal ysis can be done. Mreover, the success (or reliability of the

estimate) of the analysis varies by benefit category,

For an in-depth discussion of these issues and nethodol ogies that are
used to estimate econom ¢ benefits from pollution abatement see Freeman, The

Benefits of Environnental |nprovenent (1979), and Air and Water Poll ution

Control: A Benefit-Cost Assessment (1982); Feenberg and MIIls, Measuring the

Benefits of Water Pollution Abatenent (1980); and Research Triangle

Institute, A Conparison of Alternative Approaches for Estimating Recreation

and Bel ated Benefits of Water Quality Inprovenents, (1983).

5.2 Study Methodol ogy

Qur strategy in this study is to enploy nethods devel oped by previous
researchers and to conpute benefits for each category using a variety of

estimtion techni ques whenever possible.

The various categories of effects (or beneficial use classes) are
summarized in Table 5-3. The table also indicates the approach which has
been used to estimate the effect/benefit, and an eval uation of the

reliability and availability of the nmethodol ogy and data.
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Table 5-3

Cat egori es and Methodol ogi es for

Bost on Har bor

Study Area

I
I

!
!

Reliability of

!
[

Reliability/
Avail ability

Benefit/Effect |Benefit Estimation Approach | Met hodol ogy | of Data
| | |
Recreation
Swi nmi ng o Travel cost (logit nodel) excel | ent excel | ent
o Regional participation good fair to good
o Beach closings cost savings fair fair to good
Boat i ng o Regional participation fair fair
Fi shi ng o Regional participation fair fair
Heal t h
Swi mm ng o Dose-response function excel | ent good
(incidence of disease)
Food consunption
o Dose-response function
(incidence of disease) good fair to good
Conmercial fisheries
o Demand and supply
functions good poor
Intrinsic Benefits
o Contingent valuation survey
o Direct % of recreation fair fair
benefits good good
Ecol ogi cal
O No approach available to T --
apply a dollar value for
benefits
Secondary Effects
o Input-output multipliers fair fair
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Section 6

Recreati on Benefits

The recreation benefits of inproving water quality in Boston Harbor are

many. Boston Harbor is surrounded by a major nmetropolitan area of 2.8

mllion people and provides a setting for many diverse water uses including
boating, sailing, canoeing, fishing, sw nmrming and beach activities. In
addition, in recent years the harbor has becone an aesthetic focal point for
wat er - enhanced recreation activities such as picnicking, bicycling, canping,
hi ki ng and si ght - seei ng. Figure 6-1 shows the various |ocations (called

receptor sites) of these water uses.

Al t hough the CSGs and the STPs affect sone of the same harbor areas of
the study, in general the receptor sites are primarily affected by one or the
other source. The CSOs affect recreation areas closest to the shore and,

t hus, have the greatest inpact on swi nming and shore-related fishing and
boating. O all the CSO planning areas, Dorchester Bay is influenced the
nost because of the great concentration of CSGs and beaches in the bay. The
Qui ncy storm sewers affectwater quality at |ocal town beaches and Wl | aston
Beach. The Charles River CSCs have a nmjor inpact on boating. This area is
di scussed separately in Section 11 because of differences in data bases and

the nature of the water resources.

The areas primarily affected by the STP discharges are the waters and

i sl ands surrounding the STP outfalls. Beaches in the towns of Quincy,
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Figure 6-1. Receptor Areas for the Boston Harbor St
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Weynout h, Hingham and Hull and the Boston Harbor |slands are the sw mm ng

areas primarily affected by the STPs.

The Boston Harbor |slands--Slate, Bunpkin, G ape, Gorges, Lovells,
Gal | ups, Deer, Long, Rainsford, Mwon, Thonpson, Spectacle, Sheep, Peddocks,
and the Brewsters--are a unique natural resource in a nmetropolitan area
Possessing only one-half of the recommended m ni mum acreage of open space per
t housand popul ati on. The Islands offer a wide range of activities such as
boati ng, swi nm ng, picnicking, fishing, hiking, canping, scuba diving, and
hi storic sight-seeing. Mny of the islands have linmted recreationa
facilities which restrict current and potential visits. Poor water quality,
however, is also a major factor restricting recreational activities. Ef fl uent
from Deer and Nut I|sland sewage treatnent plants seriously degrades water
quality around the Islands, particularly discouraging swi ming and fishing.
Assumi ng that the planned recreational facilities were constructed, then
upgradi ng the plants and/or discharging the effluent into the ocean would | ead
to a significant inprovenent in water quality, which would lead to a
corresponding increase in both frequency of participation and total nunber of

visitors &/

Fi shing and boating are also affected by the STPs since a |arge percentage
of these activities take place in the outer harbor study area rather than on
or near the shore. Participation in all boating--sailing, notor boating,
canoei ng and wi ndsurfing--and fishing activities in Boston Harbor is expected

to increase with decreases in water pollution | evel 5.2/

a7 The exception to this assunption is the Brewsters |slands and

Nant asket Beach, which are expected to be negatively influenced by the ocean
outfall option.

5/ The degradation of water quality in Massachusetts Bay under the ocean
outfall option is expected to prinmarily affect commercial fishing.
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6.1 Data Needs and Data Bases

The data needed to estinmate recreational activity in these various areas
and to relate the uses to changes in water quality cone froma variety of
sour ces. This section discusses the data bases used to estinate recreation
benefits. It is followed by a discussion of the various mnethodol ogi es which
have been applied to the Boston Harbor case to arrive at a range of benefit

estimtes for each separate benefit category.

6.1.1 Sw nming Attendance

Seven of the beaches managed by the Metropolitan District Comi ssion

(MDC) are affected by CSOGs and/or STPs in the study area: Constitution

Castle Island, Pleasure Bay (including City Point), Carson,é/ Mal i bu,
Tenean, and Wl | aston. Nearby cities and towns also have snmall nei ghborhood
beaches which are affected by pollution control sources. The cities of

Qincy, Weynouth, Hingham and Hull recognize ten beaches besides Wl aston

for water quality collection purposes. In addition, sw nmming occurs on an
i nformal basis on many of the el even Boston Harbor Islands. Rough esti mat es
put recent seasonal attendance of all these affected beaches at 4.0 million

peopl e (see Table 6-1). Unfortunately, neither the MDC, the towns, nor the

Massachusetts Departnent of Environmental Managenent (DEM) keep attendance

records or make official counts during the season. In addition, people swim
at the beaches during warm weather in the spring and fall, even though they
are not officially open. Information froma 1975 recreation survey (Binkley

and Hanemann) and from the MDC indicate that sone of the Boston area beaches

2/ L and M Street Beach, part of Carson Beach, is managed by the City of
Bost on.



Table 6-1. Seasonal Swi mming Supply
Curr ent | { Seasonal B/
Seasonal Beach | Seasonal &/ | Excess
Att endance | Capaci ty | Suppl y
Constitution
325, 000 582, 780 257,780
Dor chest er/ Neponset 5,044,878 4,454,878
590, 000
Castle Island
15, 000 291, 390 276, 390
Pl easure Bay
175, 000 1, 548, 155 1, 373, 155
Carson
100, 000 1,899, 774 1,799,774
Mal i bu
150, 000 632, 449 482, 449
Tenean
150, 000 673, 110 523, 110
Wl | ast on
2,750, 000 4,595,976 1, 845,976
Qui ncy
158, 900 320, 568 161, 668
Weyrnout h
105, 820 763, 680 657, 860
H ngham
22,200 355, 200 333, 000
Hul |
66, 000 532, 800 466, 800
Nant asket Beach c/ c/
3,035, 000

2/ Based on 40 ft?2 per person: turnover of 3 times per day; 29.6 peak

user days per season.
turnover and 39.4 peak user
1970.)

of Interior,

b/ Excess supply

Except Wl laston Beach with four tinmes per day
days per season.

(Derived from US Depart nent

(Capacity) mnus (Current attendance).

¢/ -Net applicabl e since expect degraded or unchanged water quality.

Source

Not e:

is fishing and boati ng,
activity is comerci al

See Appendix B, Table B-1.

Brewsters |Islands are onmtted because nost of the recreationa
and Massachusetts Bay is omtted because the primry
fi shing.

activity
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draw people from many parts of the Boston Metropolitan area. O her beaches
appear to be used al nbst exclusively by people from a nearby section of the
city, such as arson Beach by South Boston residents and Constitution Beach

by East Boston residents.

Attendance data used for calculating swimming benefits were estinmated by
MDC personnel and by recreation and park departnent officials in Quincy,
Weynout h, H ngham and Hull. W also conpared attendance figures reported by
the MDC in the 1975 Bi nkl ey and Hanemann study along with attendance figures
generated from a survey used in their study. This range of val ues can be
found in Table B-1, Appendix B. Data on beach acreage and/or |inear feet of
beach/ shoreline was al so supplied by the MDC and municipalities and was used
to devel op a range of beach capacities for each affected area based on
national recreation standards. Estimates for beach capacity and beach
attendance nunbers are presented in Table 6-1. These attendance and capacity
figures are used in several approaches to cal culating sw nming-rel ated
benefits in this report. The accuracy of these methods is linked to the

accuracy of the recreation data.

O her factors could also act to Ilimt the increased participation
predicted as a result of water quality inprovenment. They incl ude crowdi ng
and congestion, available parking facilities, presence of jellyfish and
particularly for Boston Harbor, cold tenperatures of the air and water.

Al t hough these effects can be significant, the first three factors were not
consi dered here because of insufficient data. The effects of air and water

tenperatures were incorporated in a |ower bound estimate of increased

participation.
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As a qualitative assessnent, we have assuned that crowding would not have
as severe an inpact on the study area beaches as in other recreation areas
because these beaches are extrenely urban and, as one nunicipal source noted

visitors are used to constant crowding.

Parking facilities close to the beaches could limt visits on a given day
as these beaches are used by peopl e throughout the area. Currently, the MDC
estimtes that on a normal sunny day parking is at 80 percent of capacity
al t hough on the hottest days denand for parking greatly exceeds capacity and
substantial traffic congestion occurs. Beachgoer preference is to drive to
the beach rather than use public transportation which is available and
convenient to the cities' beaches. Thus, alternatives to parking do exist if

the increased participation should exceed the avail able parking supply.

Wth regard to jellyfish, there are practically no data available on this
formof life except for sonme research done in Chesapeake Bay by the
University of Maryland's Chesapeake Bay Laboratory. Most of the work has
been done in open ocean. Observations in Boston Harbor indicate the presence
of a substantial jellyfish population, The fish are present throughout the
sunmmer nonths and, in 1984, have been observed as early as April. The
preval ent theory is that polluted water pronotes an algae growh within the
jellyfish food chain and the popul ation increases in accordance with the food
suppl y. However, scientists caution that there is no evidence to support
this theory. Jellyfish are considered to have little food val ue and
consequently have no predators to act as a popul ation control nechani sm
Popul ation | evels are thought to be decreased by storns, currents and changes

in the salinity of the marine environment. The introduction of fresh water
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into the harbor through CSO s could result in reduced salinity which in turn
could pronpte or deter jellyfish population growth. However, a lack of data
makes the issue specul ative. An agreed to fact is that the presence of
jellyfish in the waters generates an adverse public reaction and acts as a
deterrent to water contact activity and, possibly, increased visits to the

beaches on days when jellyfish are present. a/

In attenpting to account for the effects of air and water tenperature on
swi mm ng attendance, for an upper bound estimate the base seasonal attendance
figures are linmted to the three sunmer nonths. For a | ower bound estimate
the predicted increased attendance is nodified according to the distribution
of air tenperatures during these sumrer nonths. b/ on those days with
cool er tenmperatures not all the predicted increased participation due to
i nproved water quality is assumed to take place. Thus, a factor is applied
reduci ng the upper bound estinmate in relation to the distribution of air

tenperature during the summer nonths (see Appendix B.3).

6.1.2 Recreation Studies

Information on general recreational activities such as percentage of
popul ation participating in swinmng and percentage of unnet demand for
boating and fishing was drawn from a number of existing city, state and

federal reports. These include, the New York- New England Recreational Denand

Study (Abt, 1979), the 1980 National Survey of Fishing, Hunting and Wldlife

3/ Information in this section was provi ded by EPA, Region |, Boston,
MA.

b/ Air tenperature is assuned to affect beach attendance. Air and water
tenperature are assunmed to affect the amount of sw mm ng done by those who go
to the beach (and are taken into account in estimating sw nming health
benefits in Chapter 7).
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Associ ated Recreation (US DO), The 1982-1983 Nationwi de Recreation Survey

(US DO), Eastern Massachusetts Metropolitan Area Study (EMW), (Metcalf &

Eddy, 1975), Boston Harbor |sl ands Conprehensive Plan (Metropolitan Planning

Council, 1977), and the Massachusetts SCORP (Massachusetts DEM 1976). Not

all of the information in these studies is specific to Boston Harbor nor does
each study supply exactly what is needed for estimating pollution abatenent

benefits. For exanple, there is sone information about sw nmming and
beach-related activities, but there is very little information avail able
describing fishing and boating activities. In addition, much of the data in
these studies are only estimates, rather than statistically-derived results
fromrigorous sanpling, which conpronmises their use in benefit estimation

t echni ques. We have eval uated a nunber of these recreation studies for their
accuracy, sanpling methods and applicabilty to the Boston Harbor case study,
and have used only those statistics and nunmbers which we believe to be
representative and unbi ased. A brief discussion of each recreational source

can be found in Appendix B.7.

6.1.3 Water Quality Data for Logit Mbde

Water quality data is needed for the application of the travel cost logit
nodel (see Section 6.2.2 below).é/ There is information about anbient
water quality concentrations throughout nost of the harbor but it is of
l[imted useful ness due to the shortcom ngs in sanpling procedures (frequency,
consi stency, regularity, conprehensiveness) and in the conparability of the
nmeasurenents used to describe water quality, Recently, the MDC has started a
water quality sanmpling programto better identify anbient concentrations of a

variety of Pollutants such as BOD;, heavy netals, oil and grease.

a/ At the time the | ogit nodel analysis was run the Boston Harbor Data
Managenment System was not available so that this data had to be collected
i ndependent | y.



6- 10

Currently, the only readily available water quality data for the MDC and
town beaches are nmeasures of fecal and total coliform concentrations.
Bi nkl ey and Hanemann (1975) collected water quality sanples for a nunber of
water quality paraneters to be used in their recreational travel cost nodel,
but we have chosen not to use any of their data because water quality sanples
were only taken once during the summer and thus cannot be considered
statistically representative of water quality for the entire sw ming
season. For this Boston Harbor case study, we collected 1974-1982 fecal and
total coliform concentrations and information on beach cl osings/postings,
fromthe seven MDC beaches and several town beaches in Quincy, Wynouth,
H ngham and Hull. In general, the MDC and towns sanpled once a week,
resanpl i ng when high counts were recorded. In cases where only tota
coliform concentrations were reported, we substituted fecal coliform val ues
based on a statistically significant regression function relating feca
coliform concentrations to total coliform concentrations (see Appendix C).
This water quality data, together with data from several other towns in the

Boston Metropolitan area, was used in the travel cost logit nodel.

6.1.4 User (Unit) Day Val ues

The application of user day values to estimate recreation benefits is the
nost comon and widely used of all the estimation techniques because of its
si npl e net hodol ogy and mni mal data requirenents. Essentially, a single

dol I ar value per recreation day (not per visit) is developed to represent the

mar ket value of the recreation services. Oiginally, this figure per
recreati on day was based on recreational costs including entrance charges and
equi pnent expenditures. The federal governnment has adopted a schedul e of

val ues to distinguish between "general" and "specialized" recreation
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activities. &/ A single unit value is assigned per recreation day regardl ess
of whether the user engages in one activity or several. This value should
reflect the quality of the activity and the degree to which opportunities to
engage in a nunber of activities are available (Dwer et al., 1977). Ve have
reviewed a nunber of user day values for their applicability to Boston Harbor

and present the values and their sources in Appendix B, Table B-3.

There are nany shortcom ngs and problens with using user day values to
estimate recreation benefits. These linitations are discussed in detail in
Dwer, et al., 1977. The nost basic problemis that nost user day
val ues- - whet her based on governnent or private schedul es--may not be devel oped
fromenpirical data on the actual willingness of participants to pay for
recreation. This lack of theoretical or enpirical justification for nmany user
day values often leads to arbitrary and biased estimates of the value of a

recreation day.

User day val ues have been devel oped both nationally and locally. Many of
these values tend to be site-specific, reflecting regional socio-econonic
bi ases and, nmore often than not, cannot capture the effects of increnental
changes in environmental quality. In addition, user days cannot capture the
i ncreased value or utility of the individual recreator. As a result, user
day val ues may produce biased estimates of consuner surplus from inproved

wat er quality.

6.1.5 Water Quality | npact

Al of the above categories of data are needed to evaluate the response of

recreators to water quality changes. The remai ning piece of data that is

a/See Federal Register, Vol. 48, No. 48, March 10, 1983
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needed is what the estinmated percentage change in water quality will be, given
the inplementation of a treatment option. Section 4 explained how the
percentage reductions in pollution were estimated for the various receptor
sites. Table 4-2 and 4-3 presented best-guess ranges and point estimtes of

the water quality changes. W use these nunbers in the benefit cal cul ations.

6.2 Benefits

Reducing pollution in the harbor by upgrading STPs and inproving CSCs wil |
lead to recreation benefits throughout the Boston Harbor area. Two naj or
conponents of consumer surplus should be estimated in order to fully represent

all benefits frominproved water quality. These conponents are:

e} increase in participation (both frequency and total nunbers)
- resulting from decreased tinme and travel costs
- resulting froma higher quality recreational experience

- resulting fromincrease in water areas available for
recreation; and

o increase in the price participants are willing to pay (WP)
for the inproved quality of the recreational experience.
A third conponent can be measured by cal culating the value of |ost participa-
tion due to severe water contam nation, such as that resulting from beach

cl osi ngs.

We have used a number of techniques to calculate a range of econonic

recreation benefits associated with inproving water quality in Boston Harbor

by upgrading the sewage treatment plants and inproving the CSCs. These

i ncl ude:

Measur e of
Benefi t Consuner Sur pl us Benefit Estimation Approach
Swi nmi ng o Increase in participation o Regional participation

o Travel cost (logit nodel)
O Increase in WIP per trip o Travel cost (logit nodel)

o Lost participation o Beach cl osings
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Measur e of
Benefi t Consuner Surpl us Benefit Estimation Approach
Boat i ng/
Fi shi ng © Increase in participation o Regional participation
Al Recreation
Bost on Har bor
I sl ands o Increase in participation o Regional participation

Each of these estimation techniques and benefits categories are discussed

separately, bel ow. Included in this discussion is a presentation and

anal ysis of the range of benefit values corresponding to the pollution
abatement program Ilimits of the analysis, and pertinent references. A
detail ed description of the benefit conputations and the enpirical data is

presented in Appendi x B.

6.2.1 Swinmm ng--increase in Participation

One of the significant consumer surplus benefits associated with water
pol | uti on abatement in the Boston Harbor study area is the increased use of
t he beaches by current users and new use by previous non-participants. This
is one of the nore difficult benefits to measure because of the need for
reliable and accurate calculations of user and non-user response. For Boston
Har bor, we have assuned that an inprovenent in water quality-specifically
fecal coliform-is equivalent to an increase in total supply of the water
resource. Theoretically it is therefore possible to relate this increase in
a water resource to a corresponding increase in participation. I ncr eased
participation, measured in total visits, should capture both increase in
frequency of visits by those already participating, as well as increased new
use by previous non-users. Once this population nunber is calculated, it is

possible to value this increased participation by applying user-day val ues.
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Estimating benefits accruing fromincrease in participation involves the
fol | owi ng:
a) determine which areas are affected by each pollution contro
pl an;
h) cal cul ate excess seasonal beach supply;

c) estimate the range of increase in participation using
i nformati on from regi onal participation studies;

d) relate the increase in participation to the pollution contro
pl an; then

e) value increased participation by applying a range of user day
val ues.

The first step in estimating the benefits from increased participation
i nvol ves determ ni ng which beaches are affected by the different treatnent
opti ons. These were determined in Section 4 and presented in Table 4-3. The
next step is to calculate the excess supply of each beach, such that increased
demand will not exceed the existing supply, This will prevent overstating
swimmng benefits. Excess seasonal supply of these beaches was estimated
usi ng beach attendance data fromthe MDC and towns, and the capacity of each
beach was cal culated using a variety of recreational standards and information
fromtown governnents and the MDC on acreage and |inear feet of shoreline.
This data was sunmarized in Table 6-1. Oher factors could serve to limt
i ncreased participation, as discussed in Section 6.1.1. However, these

effects were not considered here because of insufficient data.

6.2.1.1 Regional Participation Mbode

The nmost inmportant step in this nmethodol ogy involves estimating a
range of increased participation. The first approach presented here to

estimating increased participation is based on regional and |oca
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recreation participation studies. Results of these studies suggest that the
nunmber of unmet user days (often called latent demand) in the Boston SMSA is
4.3 to 5.2 mllion user days. Using this information, we can cal cul ate unmet
demand at the beaches that will be supplied by the different pollution
control options. These cal cul ati ons are summari zed in Appendi x B.1. It is
possible to relate this total increase in beach participation to the
pollution control plans by assuming that the percentage reduction in
pollution will supply a correspondi ng percentage of the excess supply in
terms of additional user days. A nunber of other assunptions were made in
order to calculate increase in participation:

(a) water quality is the major constraint affecting unnet

demand

(b) current facilities are adequate to fulfill the needs of
additional visitors;

(c) tine available for recreation is not a constraining factor;

(d) fecal coliformis the best avail able neasure of overal
water quality affecting participation

() there is little effect of substitution of sites on
participation at individual beaches; and

(f) people use the beaches for sw mr ng purposes.

These assunptions and cal cul ati ons produce the upper bound
estimates of increased user days presented in Table 6-2. For the
| ower bound estimates a factor based on the distribution of air
tenperatures during the summer nonths is applied. It is assumed
that on days when the air tenperature is bel ow 79° Far enheit, not
all the predicted increase in beach visits may actually occur even
with the inmproved water quality because of the relatively lower air

tenperature (see Appendix B.3 for details of the cal cul ations).
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Table 6-2. I ncreased Swi nming Participation--Regiona
Participati on Mdel &/
CSO and
Ocean Secondary CSO and Secondary
Beach CSO cQutfall Tr eat ment Ocean CQutfall Tr eat nment
LOVER BOUND ESTI MATES (User Days)
Constitution 76, 099 10, 871 5, 436 86, 970 81, 535
Dor chest er 157, 884 19, 736 19, 736 177, 620 177, 620
Wl | ast on 735, 900 91, 988 91, 988 827, 888 827, 888
Qui ncy 42,522 5, 315 5, 315 47,837 47, 837
Weynmout h 0 10, 619 10, 619 10, 619 10, 619
Hi ngham 0 2,228 2,228 2,228 2,228
Hul | 0 6, 623 6, 623 6, 623 6, 623
TOTAL 1,012, 485 147, 380 141, 945 1, 159, 785 1, 154, 400
UPPER BOUND ESTI MATES (User Days)
Constitution 113, 750 16, 250 8, 125 130, 000 121, 875
Dor chest er 236, 000 29, 500 29, 500 265, 500 265, 500
Wl | ast on 1, 100, 000 137, 500 137, 500 1, 237,500 1, 237,500
Qui ncy 63, 560 7,945 7,945 71, 505 71, 505
Weynout h 0 15, 873 15, 873 15, 873 15, 873
Hi ngham 0 3,330 3,330 3,330 3,330
Hul | 0 9, 900 9, 900 9,900 9,900
TOTAL 1,513, 310 220, 298 212,173 1, 733, 608 1,725, 483

2/ see Appendix B for

details of the cal cul ati ons.
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An alternative approach to estimating increase in participation is to use
results fromthe logit nodel (described below in Section 6.2.2) which
predicts increased visits based on a percent reduction of water pollutants to

cal cul ate unnet denmand.

It is inmportant to conpare the estimates of increased participation due
to increases in water quality with the availability of excess supply, in
order not to overestimate swi nming benefits. W have assuned in the case of
t he Dorchester/ Neponset Bay beaches that if increased participation exceeds
capacity at any one beach, then other nearby beaches will serve as substitute
sites. This enables us to treat the Dorchester Bay beaches as a unit, rather

than individually, and sinplifies the analysis.

6.2.1.2 Benefit Estimates

The final step in this nmethodology is to value the increased
participation by applying a range of appropriate user day val ues, which
represent a crude proxy for individual consuner surplus. The results of this

val uation are presented in Table 6-3.

Table 6-3. Annual Benefit of Increased Swi mm ng
Participation for all Boston Harbor Beaches (1982 $000)

CSO plus
User Day Ccean Secondary CSO plus Secondary
Val ue CsO Cutfall Tr eat ment Ccean Qutfall Tr eat nent
$1. 60 1,620.0 &/ 235.8 227.1 |, 855.7 1,847.0
$5. 80 7,324.8 B/ 1,066.3 1,026.9 8,390.8 8,351.7
$11. 06 16, 737. 2 c/ 2,436.5 2,346.6 19, 173. 7 19, 083. 8

2/ Lower bound estimate of increased visits (from Table 6-2) nultiplied
by user day value (from Table B-3, Appendix B).

b/ Average of |ower and upper bound estimates of increased visits
mul tiplied by user day val ue.

¢/ Upper bound estimate of increased visits nultiplied by user day val ue.
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There is a wide range of estinmated benefit values for increased
Participation because of the many different user day val ues. Benefits are
nost substantial for the Dorchester/Neponset Bay Beaches and for the
Wl | aston and Quincy Beaches. Benefits are nore nodest for Constitution
Beach. Benefits are substantial for Dorchester/Neponset Bay and

Wl | ast on/ Qui ncy beaches because these areas have poor water quality, a large

predicted percent cleanup, and a great nunber of visitors. Thus, cl eaning up
these areas will attract a |arge number of new recreators and significantly
i ncrease the frequency of participation of current users. Swi mming benefits

froman increase in participation are small for the STP affected beaches

because of the fewer nunber of people who visit these beaches and because the

STP option is expected to abate pollution by only 30 percent.

6.2.1.3 Higher Valued Experience

| mproved water quality may also lead to an increase in the price that

participants are willing to pay for the inproved quality of the recreation
experi ence. Thi s higher valued experience is often very difficult to
quantify. O her benefits studies have relied upon surveys of wllingness to

pay for various inprovenents in recreational water quality (See for exanple,
Ditton and Goodal e, 1972 and Ericson, 1975). Such surveys are often locally
bi ased and, thus, cannot be applied to other areas because of soci ol ogical

envi ronnmental and econom c differences.

No such studies were found to be applicable to Boston Harbor because of

the previously nmentioned biases. W therefore, were unable to calculate the

portion of consuner surplus attributable to a higher valued experience using

this nethod
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6.2.1.4 Limts of Analysis

An analysis of increased participation was linmted by both benefit
estimation nmet hodol ogy and by data bases. Latent or unnet demand was
difficult to measure. Estimates were based on results from regional and
| ocal recreational studies, which may be inaccurate for a nunber of reasons.
(For nore details see Appendix B.7.) The accuracy of our benefit estimtes
is greatly influenced by recreation attendance data and capacity estinmates.
Current attendance figures were based on professional estimtes, rather than
actual field data, and thus nust be considered "best guesses". In addition,
these estimates of attendance figures were based on seasonal sunmer
attendance, from Menorial Day to Labor Day, and did not include the nunber of
people who swim before or after the "summer" season. Benefits to these
recreators are not captured and, therefore, total benefits nmay be
understated. Beach capacity estimates also represent our best professiona
j udgnent . For exanple, Wl laston has an estimated capacity of 2.75 million
peopl e, but the MDC has estimted seasonal attendance to be over 3.5
mllion. In this case we concluded that the devel opnment capacity for
Wl | aston represents a |ower bound and assumed a greater turnover rate than
normal and a greater than expected crowding. Oher factors, including
adequate parking facilities, cold water tenperatures and the presence of
jellyfish which could linit attendance in a manner similar to beach capacity

were not considered because of the |ack of data.

These benefit estinates are also Iimted by the nmany assunptions which
were made, including assunptions about the appropriateness of fecal coliform
as the best available water quality indicator, tine constraints, and the

effect of water quality inprovement on increased participation. It was
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assuned that nmany relationships were strictly linear, such as the

rel ati onshi p between percentage increase in use and the percentage reduction
in water pollution. Such an assunption seens feasible here, since the
baseline water quality level is so poor; however, in general, the

rel ati onship between percentage reduction in pollution and percentage
increase in participation is very sensitive to the baseline water quality
level . For exanple, a 90 percent reduction of pollution in a water body that
has relatively good water quality may result in little or no increase in
participation. W also assuned that user day values were the best available
proxy for consumer surplus. In reality, user day values cannot capture tota
consumer surplus because they cannot neasure increased utility of each visit
due to inproved water quality The higher range of user day val ues
($5.80-%$11.06) is, therefore, nore appropriate to use than the |ower one
($1.60-%$5.80) in estimating recreation benefits. Al of these linitations,
shortcom ngs and the state- of-the-art nature of benefit estimation wll be
reflected in the final range of sw nmng benefits and nust be taken into

consi derati on when interpreting the val ues.

6.2.2 Travel Cost Mddel--Conditional Logit Analysis

An alternative apporach to estimating increased participation is the
| ogit nodel which incorporates the probability of visiting a beach as a
function of distance to the sites, socioecononic factors and water quality
vari abl es. This approach is a specialization of the so-called travel cost
approach first suggested by Harold Hotelling in 1949, then devel oped by
Cl awson and Knetsch (1966), and since applied by many others (see Binkl ey,

1977, for a review of the literature).
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6.2.2.1 Methodol ogy

Thi s net hodol ogy uses observed recreation travel patterns to infer the
recreationists' response to price changes. Travel costs play the role of
price in estimating a demand curve for a specific site. O her persona
characteristics of the recreationist, such as income and age, are used in the
sanme equation to control for tastes and preferences. Because a demand curve
measures the marginal willingness to pay for a good, estinmates of recreation
benefits can be obtained fromthe area under a demand curve using travel cost
data and information on soci oeconom ¢ characteristics. In the present case,
we extend this basic nethodology to include water quality characteristics in
the demand functi on. Then we can infer the changes in price which would be
equi valent to a change in water quality, and fromthat information can infer

the benefit of the change in water quality.

The principal theoretical shortcomng of this approach is the use of
travel costs to sinulate prices. The recreationist may not respond to prices
(i.e., an entry fee) in the same way as he/she does to travel costs because
travel may have a special utility or disutility in itself. Part of the
disutility of travel mght be related to travel time as well as trave
costs. (See below for a further discussion of the tine issue.) Anot her
common difficulty in the application of the travel cost nethod is the
allocation of joint costs of travel nmade to several recreation sites as part
of a single trip. Because travel costs are used as a proxy for prices, to
determine the "price" of an individual site it becomes necessary to separate
the cost of travel to one site fromthat to other sites. Consider, for
example, a trip from Boston to the Grand Canyon, then to Yell owstone Nationa

Park, and then back to Boston. To infer the recreational value of the G and
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Canyon fromthis trip, we would need to know what part of the travel costs
associated with the whole trip to assign to the visit to the Grand Canyon

The appropriate cost is probably less than the total cost, but could well be
nore than just the additional cost of including the Grand Canyon in the

trip. In short, there is no unanbigious way to allocate joint costs of
recreation travel. Fortunately, day trips in an urban setting are not likely
to be conducted as part of a larger recreational outing, so our analysis

probably does not suffer fromthis limtation.

It is inmportant to discuss the nmajor ways that our nethodology differs
fromthe classic inplenentation of the travel cost approach. First, we
consi der a system of conpeting recreation sites. That is, demand for
recreation at one site depends on the characteristics of other possible
recreation sites that an individual night choose. To our know edge, aside
fromthe direct antecedents of this work, only three other studies (Cicchett
et, al, 1976; Burt and Brewer, 1971; Mrey, 1981) have incorporated this

i mportant feature of the problem

Second, we attenpt to explicitly account for travel tine as well as
travel cost. It is easy to show that ignoring the cost of tine spent in
recreation |leads to biased estimates of the value of a recreation site. Thi s
point is well-recognized in the literature (see, for exanple, WInman, 1980).
The followi ng section on the conditional multinomal |ogit nmodel acknow edges
the empirical difficulties we had in obtaining usable estinmates of the value

of time and discusses this point further.

Third, we nodel recreational demand as a discrete choice process. That
is, over the sumer the individual chooses to go to some sites, perhaps none,

but probably not to all the avail able sites. Consequently there are



6-23

typically quite a few observations of zero visits, and these observations
tell us very little about how he/she trades off water quality with trave

di st ance. Therefore, we would Iike a nodel of recreation demand which
explicitly accounts for the kind of information contained in this |arge
nunber of zero observations. The multinom nal logit nodel, borrowed from
transportati on demand analysis, is one such nodel. This nodel was first
proposed for recreation demand anal ysis by Binkley and Hanemann (1975) and
subsequently has been devel oped by Hanemann (1978) and by Feenberg and MIIs

(1980) . Peterson et. al (1983) applied a version of this nodel to activity

choice at the Boundary Waters Canoe area.

The first three studies rely on the same basic data. In 1974, a sanple
of 500 househol ds representative of the Boston SMSA were interviewed
concerning their recreation visits to 29 fresh and saltwater beaches in the
Boston area during that sumrer. A total of 467 usabl e questionnaires
resulted fromthe survey. Pertinent social and econonic data on these
famlies were collected along with information on recreation habits. To
conpute travel distance and, hence, cost, each of the sanple points was
| ocated on a map as were each of the recreation sites. In the original three
studies, travel distance was conputed as the straight |ine distance between
the two points. Also, water quality variables used in the demand equations
were derived from one single sanple at each beach during July of 1974.

(Bi nkl ey and Hanemann, 1975, describe the data nore fully.)

VWil e sharing a conmmon estinmation strategy with these other three studies,
the present work enploys a sonewhat different data base. Recreation patterns
and soci oecononic data fromthe Boston survey were used, but inproved

information on travel costs and water quality was incorporated. In an urban
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area, straight line distance is a particularly poor neasure O actual travel
di st ance. Fortunately, in the nmid-1970's the Central Transportation Planning
Staff (CTPS), a regional transportation planning agency for the Boston area,
devel oped a detailed origin-destination travel distance and time matrix for
the region. Qur sanple points and beaches were located in the CTPS
transportation zones, and the mininumtravel distance and time from each
sanpl e point to each beach was conputed. Consequently, the measure of

di stance used in this research reflects nmuch nore accurately the actual

di stance between each individual and the various beaches. In addition, the
transportation time information derived from the CTPS study offered the

possibility of estimating the value of time in travel for recreation.

Due to large sanmpling errors, the "old" (Binkley and Hanemann, 1975)
nmeasure of water quality--a one time grab sanple--might not reflect the true
water quality level. W assenbled nmeasures of coliformlevels fromthe
records of the Metropolitan District Comm ssion and the appropriate towns.
These were averaged over the summer, and we enployed the median |evel of fecal
coliforns as our "new' neasure of water quality. The agencies responsible for
sone of the beaches did not collect information on fecal coliforns. For these
cases, a regression equation was developed relating the old water quality data
to the new estimte of fecal coliforns. For the sites where there was no new
i nformation, this equation was used to estimate the new data fromthe old data

on fecal coliform (OLD):

NEW = -53.27 + 13.22 log (OLD) N
(-1.99) (3.17) R2

19
0.371
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6.2.2.2 The Conditional Miltinonm al Logit WNbde

The multinomi al logit nodel of multiple site demand is ideally suited for
the situation we consider here: t he choice of one or nore beaches froma
known uni verse of possible sites.é/ Thi s section describes the nodel
informally and explains how we obtain estimtes of the benefits of water
quality inmprovenents from the nodel. Appendix B.4 presents the nodel and

benefit estinmation procedures in nore detail

We want to nodel the nunber of visits an individual will nmake to one or
nore of the beaches as a function of beach characteristics (including water
quality), travel costs/time, and socio-econom ¢ characteristics of the
i ndi vi dual . Wth such a nodel, we can alter the level of water quality at
one or nore of the sites and sinulate how use at all of the sites wll
change. From t hose sinmul ated changes in use, we can infer the value of the

change in water quality.

The conditional logit nodel is divided into two parts. The first part
describes the probability that an individual will choose to visit each of the
beaches given that she/he takes a trip to any of the sites. Equi val ent | y,
this part of the nodel can be thought of as predicting the proportion of al
beach visits which will be nade to each of the individual beaches. Thi s
first part of the nodel is referred to as the "site choice" nodel in the

foll owi ng discussions.

The nodel is called a "conditional" logit nodel because the choice of
sites is conditional on knowi ng the total number of visits that the

i ndividual takes. Hence, the second part of the mpdel explains the tota

2/ see Donenich and MFadden (1975) for an authoritative treatnent of
this nodel
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nunber of visits an individual nmakes to any of the study beaches. This

second part of the nodel is referred to as the "visitation" nodel.

The overall structure of the nodel can be summarized as foll ows. The
number of visits by individual i to beach j is njj. The individual makes a
total O nj beach visits during the sumrmer. The probability of an
i ndividual i going to beach j (or the proportion of her/his total beach

visits which are nmade to beach j) is pij’ Then we nodel the nunber of

visits to beach j by individual i as:
nij = nj Pij (6.1)

We estimate n; in the visitation nodel and Pij in the site choice nodel

and predict Niy using this equation.

For the site choice nodel, the dependent variable is the probability of
visiting a given beach. Wile this variable is precisely the probability O
visiting a certain beach, it can also be considered the proportion of the
time that an individual will go to a particular beach when she/he goes to the
beach at all. The probability of visiting a certain beach (given that a trip
is taken) is assumed to be a function of the desirability of that beach. W
take desirability to depend on the characteristics of the beach (e.g., water
quality), the travel cost/time associated with a visit to that beach, and the
soci oeconom ¢ characteristics of the invididual who is nmaking the trip.
Through the procedures described in Appendix B, the probability of visiting a
beach is estimated as a linear function of these variables. The results for
the site choice nodel which are presented below can be interpreted nuch as

one would interpret an ordinary |linear regression.



6-27

The dependent variable for the visitation nmodel is the nunber of visits
an individual made to any of the study area beaches during the sunmer. We
assume that the total nunber of beach visits an individual takes is related
to the soci oecononic characteristic of the individual and the overal
desirability of the sites available to her/him Vhile there are many ways
this latter variable mght be measured, the details of constructing the
conditional logit nmodel require that it be derived fromthe site choice node
in a specific way. This variable, called the "inclusive price", measures the
average desirability of the available sites. Here, the termdesirability has
the same neaning as it did in the description of the site choice nodel and
i ncludes the level of water quality at each of the beaches. Through the

inclusive price termin the visitation nodel , a change in water quality at

one or nore beaches will not only affect the split of visits anong the
vari ous beaches, but will also affect the total nunmber of beach visits which
will be taken.

Li nki ng together the site choice nodel, the visitation nmodel, and
Equation 6.1 pernits one to nodel how changes in water quality at any of the
sites will affect total nunmber of visits to each of the sites. To simulate
the effect of a change in water quality at one or nore of the sites, we use
the visitation nodel to predict total nunmber of visits after the change in
water quality, the site choice nbdel to predict the fraction of the visits
which will be nade to each site, and Equation 6.1 to deternine the nunber of

visits made to each site.

In general, the benefits associated with a sinulated inprovenent in water
quality come fromtwo sources: an increase in the total nunber of visits and

an increase in the value of each of the visits. OF course, because the
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demand nodel includes the interaction anpbng beaches, a water quality inprove-
ment at one beach might lead to a decrease in use at some other beach. p

of these shifts in usage are included in our benefits cal cul ations.

Conceptually, we are interested in determning the equivalent variation.

Suppose we inprove water quality at sone set of beaches. The equival ent
variation is the anmount of income we would have to take away from an

i ndi vidual to nmake her/himindifferent between the situation wth higher

i ncome/ |l ower water quality and that with |ower incone/higher water quality.
The equival ent variation neasures this willingness of an individual to pay
for an inprovenent in water quality. This neasure of benefit is a good
approxi mation to other nmeasures of benefit (WIllig, 1976 and 1978) and al so

is of interest in its own right.

Because inconme is not explicitly incorporated in the demand nodel, the
equi val ent variation cannot be estimated directly. W use a nodification of
a procedure developed by Snmall and Rosen (1982) and adapted to this problem
by Feenberg and MIls (1980) to determine the equivalent variation associated
with a change in water quality. The details of the procedure are presented
in Appendix B.4, but the method can be outlined as follows. Demand is a
function of travel distance and water quality. In the estimted demand
model , then, we know how an individual trades off travel distance and water
quality. We can estinmate the value of a simulated inprovenent in water
quality by asking how nuch further could the individual travel given the
water quality inprovement and be no worse off than she/he was before the
water quality inprovenent took place. Benefits are neasured in units of
di stance. Therefore, in order to put benefits in dollar units, we need to

know t he cost per unit distance.
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Here we take cost to have two components: a noney cost and a tine cost.
It is inportant to discuss how tinme should enter the nodel. Because tinme is
a scarce resource which the recreationist nust allocate, the anpunt of tine
spent in travel and on the site itself should be included in the nodel.
Failure to do so will lead to an underestimate of the value of the site
Unfortunately, the data available for this study does not permt usable
estimates of the effect of these two tinme vari abl es. The survey data on tine
spent on the site contai ned numerous nissing observations. Further, it is
not conceptually clear how to nmeasure the amount of time which would be spent
on sites not visited. Thought of in another way, we need to estinate a three
part nodel--site choice, visitation and tinme spent on site--and the data are
not adequate to do so. Attenpts to include travel tine along wth distance
in the nodel failed because of the high collinearity between the two

vari abl es.

An alternative procedure was enployed to partially account for the value
of tine. Cesario (1976) suggested that the value of travel tine for
recreation is about one third the wage rate. Consequently, our estimtes of
wel fare change were converted to noney val ues of the basis of $0.12/mle (the
nati onal average in 1974) plus travel time valued at one-third the

i ndi vidual's wage rate.

The wage rate was conputed frominformation on incone and the number of
days wor ked per year. From the household survey, we know the nunber of days
taken of f per week, the nunber of holidays per year and the annual anount of
vacation tine. By subtracting the sum of these figures from 365 days, we
know t he nunmber of days worked per year. Annual incone is divided by the
nunber of working days to deternine the average daily wage. Daily wage is

converted to an hourly wage assum ng ei ght hours per work day.
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6.2.2.3 Mddel Results

The recreati on demand anal ysis provi des several kinds of results. First
we present the estimates of the site choice and visitation nodels. These
results are conpared with those of Feenberg and MIls (1980) to show the
effect of our different and, in our view, better neasures of travel costs and
water quality. Second, we use the procedures, outlined above and detailed in
Appendix B.4, to sinulate the effect of changes in water quality on
recreation patterns and to estinmate the recreation benefits of severa
specific water quality inprovenent scenarios for the Boston Harbor study
area. These results depict total benefit curves for each of the water

qual ity inmprovenent scenarios.

Tabl e 6-4 presents the estimtes of the nodel parameters. The nodel,
using all 467 cases, predicts the site choice correctly in 15.9 percent of
the cases conpared with 34. 7 percent for the Feenberg-MIIls nodel. W
attribute this difference primarily to the fact that Feenberg and MIls
grouped individuals according to residential (origin) location, which we did
not. In addition, our specification of the site choice nodel onits severa
interaction ternms (age x distance, inconme x distance). W felt that there
was no good a priori rationale for including these interaction terns. The
di stance coefficient for the Feenberg-MIIls nodel is about 0.33 expressed in
one-way mles and evaluated at the nean of the interaction terns. This is
nore than three times higher than the value we obtained indicating the
magni tude of the error from using straight line distance to proxy for actua

travel distance in an urban area.

There are several other interesting differences in the two nodel s which

can be seen in the sinulation results. A 10 percent reduction in coliform
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Table 6-4. Conditional Logit Mdel Estimates

Site Choi ce: coefficient t
Distance (mles one way) -0. 1003 -50.71
Water Tenperature (°F) -0.4088 -41. 17
Fresh water (dunmy) -1.607 -27.79
Fecal Coliform (median) -0.01275 -18. 47

At At

Convergence Zero

log likelihood (x10%) -0. 1443 -0. 1658
percent correctly predicted 15.9 3.5

Visitation coef ficient t
I nt er cept 172.7 o
I nclusive Price 5. 757 3.26
Age (years) -0. 3095 4.12
Education (years) -0.5758 1.68
I ncome ($1974 x103) 0. 2550 2.31

RZ = 0.078

f (4,462) = 9.79

Not e: Parameter estinates for the site choice nbpdel were obtained using
QUAIL Version 3.5.

Source: Model developed and run by Cark Binkley, Yale University, School
Forestry and Environnental Sciences.

of
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| evel s can be acconpanied by an increase in two way travel distance of 0.254
mles and leave the individual's utility |evel unchanged. In the Feenberg-
M1ls nodel evaluated at the nean value of all the interaction terms, a 10
percent reduction in all water quality variables (total bacteria, oil, color)
offsets an 0.5 mile increase in travel distance. It is curious that we find
a negative value for the fresh water dunmy variable, indicating Bostonians
prefer saltwater to fresh water beaches, where Feenberg and MIls report a
positive val ue. In sum our nodel, using better travel cost and water
quality data for a larger sanple of individuals, seens to be nore sensitive
to water quality and |less sensitive to distance than is the Feenberg-MIls

nmodel .

6.2.2.4 Benefit Estinmates

The nodel presented above can be used to obtain estimtes of the benefits
of water quality inprovenent. Recal | that the benefit measure we use is the
equi val ent variation measured in units of distance. These units are
converted to units of dollars at the rate of $0.12/mile for travel costs plus
an anmount which reflects the tine cost of travel: travel tine valued at
one-third the individual's wage rate. Travel time was determined fromthe
CTPS study nentioned above. The wage rate was conputed from information on
i ncome and the nunber of days worked per year as was described above. These
per mle figures were doubled to reflect the fact that the demand nodel was

estimted on one-way rather than two-way distance.

Four sets of simulations were perfornmed. In each case the fecal coliform
| evel at a single beach or group of beaches in the Boston Harbor Study area

was decreased in increnents of 10 percent up to a 90 percent inprovenent in

water quality. These sinulations map out the total benefit curve for water
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pol | uti on abatement in the various segnents of Boston Harbor. Sites 7
(Constitution Beach) and 15 (Wl laston Beach) were exanined separately
because of their inportance to Boston Harbor-based recreati on and because of
their location within the harbor. Sites 8 - 14, the beaches in the

Dor chest er/ Neponset Bay CSO pl anni ng areas, (south from Castle Island to
Tenean Beach), were treated as a group in a third sinulation. Finally, a
simulation including all of the sites 7 - 15 was perforned, with 10 percent
|l ess water quality inprovenent at site 7 than the others. This simulation
shows the effect of a full water pollution abatenent program for the Boston

Har bor Study area.

The summary results fromthese sinulations are given in Table 6-5. The
entries in the table are benefits per person per year and the correspondi ng
change in visits per person for a given pollution reduction. Thus, to get a
val ue per visitor day for the site the per capita benefit is divided by the
change in per capita visits. The value per visitor day for the different
sites and pollution reduction |levels ranges from $5.60 to $5.70 (in 1974
dollars) and is within the range of user-day values found in the literature
(see Table B-3, Appendix B). Total benefits rise steadily wth increasing
| evel s of water quality inprovenent, and the curve continues to clinmb even as
hi gh level s of abatement are achieved. This results in a marginal benefit
curve which curves upward rather than downward as is comonly assumed. This
unusual result mght stemfromthe fact that the demand npdel was estimated
using data from beaches generally having water quality levels nuch |less than

the 80 to 90 percent levels inply.

Table 6-6 summarizes the change in per capita visits for each of the
control options. Then, the increases in nunber of visits are derived by

mul tiplying change in per capita visits by the 1980 Census Boston
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Tabl e 6-5. Per Capita Annual Benefit Estimates from
Conditional Logit Mdel 2/

($1974/ capi tal year)

| SI TES
T 7 [ 8-14 | 15 | 7-15 B/
Constituti on Dorchester Wl | ast on Al
Val ue per visitor day</ 5.62 5.62 5. 69 5. 65
Equi val ent 1982 doll ars 11. 00 11. 00 11.14 11. 06
% Reduction in Water
Pol | uti on
10 . 0340 . 1562 . 1176 . 2731
(.006054) (.02779) (.02069) (.04835)
20 . 0687 . 3240 . 2469 . 6614
(.01222) (.05765) (.0434) (.1065)
30 . 1040 . 5055 . 3889 . 9539
(.01851) (.08995) (.06837) (.1689)
40 . 1400 . 7030 . 5446 1.334
(.02491) (.1251) (.09575) (.2361)
50 . 1766 . 9192 . 7155 1.744
(.03143) (.1636) (.1258) (.3087)
60 . 2140 1.158 . 9027 2.189
(.03807) (.2060) (.1587) (.3874)
70 . 2521 1.422 1.108 2.672
(.04481) (. 2530) (.1947) (.4729)
80 . 2908 1.718 1.332 3.199
(.05174) (.3056) (.2342) (.5661)
90 - 2. 050 1.577 3.774
- (.3646) (.2773) (.6680)

a/ Change in per capita visits for given change in pollution is in
par ent heses.

b/ Reduction at site 7 is 10 percent |less than reduction at site 8-15 (i.e.
the first entry is a 10 percent reduction at 8-15 and no reduction at 7).

¢/ cal cul at ed by dividing $/capital/year by change in per capita visits and
averaged over all percent pollution reduction sinulations.

Not e: For location of sites see map (Figure 6-1).
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Tabl e 6-6. I ncreased Participation Estinmates from Conditional Logit Mde
CSO pl us
Site Ccean Secondary CSO plus Secondary
No. Beach CsSO cautfall Treatnent Ocean Qutfall Treatnent
Percent Pollution Abatenent 2/
7 Constitution 70 10 5 80 75
8-14 Dorchester/
Neponset 80 10 10 90 90
15 Wol | ast on 80 10 10 90 90
7-15 Al Sites 70/ 80 10 5/ 10 80/ 90 75/ 90
Increase in Per Capita Visits b/
7 Constitution . 0448 . 0061 . 003 . 0517 . 048
8-14 Dorchester/
Neponset . 3056 . 0278 . 0278 . 3646 . 3646
15 Wl | ast on . 2342 . 0207 . 0207 L2773 . 2773
7-15 Al Sites . 5661 . 0484 . 0484 . 6680 . 6171
Lower Bound Increase in Number of Visits &/
7 Constitution 82,821 11,277 5, 546 95, 577 88, 737
8-14 Dorchester/
Neponset 564,958 51, 393 51, 393 674,031 674, 031
15 Wl | ast on 432,962 38, 267 38, 267 512, 641 512, 641
7-15 Al Sites 1,046,541 89,477 89, 477 1,234,922 1, 140, 824
Upper Bound | ncrease in Number of Visits a/
7 Constitution 123,798 16, 856 8, 290 142, 866 132, 641
8-14 Dorchester/
Neponset 844,482 76,821 76, 821 1, 007, 520 1, 007, 520
15 Wl | ast on 647,178 57,201 57, 201 766, 279 766, 279
7-15 Al Sites 1,564, 336 133, 747 133, 747 1, 845, 922 1, 705, 268

2/ From Tabl e 4-3.

b/ Based on Table 6-5.

S/ Derived by nmultiplying per capita increase by entire 1980 Boston SMSA
popul ati on of 2,763,357 by reduction factor in Appendix B.3.

S/ Derived by nmultiplying per capita increase by entire 1980 Boston SMSA
popul ati on of 2,763, 357.
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SMBA  popul ati on. The val ue of increased visits can be cal cul ated by

mul tiplying increased visits by the consuner surplus per visit. These are
presented in Table 6-7. Not surprisingly, these annual benefits are high
This is the result of both the |arge nunber of beach users and the |arge

estimted percentage reduction in pollution.

6.2.2.5 Limts of Analysis

The principle theoretical shortconming of this conditional |ogit approach
is the link between objective water quality paraneters and the subjective
Perception by recreationists of water quality. Some water quality paraneters
(e.g., dissolved oxygen) are not easily perceived by recreationists and,
consequently, an inprovenent in water quality (i.e., an increase in DO |evels
in the water) may not be perceived by recreationists, and their behavior

(i.e., frequency of visits to the site) may not change.

This is not likely to be the case for the beaches in the Boston Harbor
study area. Dor nbusch's study (1975) found that floating debris and oil and
grease were the nost frequently perceived water quality indicators applicable
to the logit, travel cost nodel as applied here. The presence of high feca
coliformcounts, the water quality paraneter used in this study, is highly
correlated to oil and grease measures (Hanemann, 1978), paraneters which are
percei ved by recreationists. Thus, the concern that recreation behavior is
governed by perception and, ideally, the predicted changes in behavior be
linked to water quality paraneters that are perceived by recreationists has
been addressed in this application of the logit nodel by using feca

coliform instead of dissolved oxygen, as the water quality variable.
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Table 6-7. Annual Benefit Estinmates from
Condi tional Logit Mdel (1982 $000)
CSO pl us
Site Ccean Secondary CSO pl us Secondary
No. Beach CSO aQutfall Tr eat nent Ccean CQutfall Treatnent
LOVER BOUND ESTI MATES
7 Constitution 911.0 124.0 61.0 1,051.3 976. 1
8-14 Dorchester/
Neponset 6,214.5 565. 3 565. 3 7,414.3 7,414.3
15 Wl | ast on 4,823.2 426. 3 426. 3 5,710.8 5,710.8
7-15 Al Sites 11,574.7 989. 6 989. 6 13, 658.2 12,617.5
UPPER BOUND ESTI MATES
7 Constitution 1,361.8 185. 4 91.2 1,571.2 1, 459. 1|
8- 14 Dorchester/
Neponset 9,289.3 845.0 845.0 11,082.7 11,082.7
15 Wl | ast on 7,209.6 637.2 637.2 8,536.3 8,536.3
7-15 Al Sites 17,301.6 1,479.2 1,479.2 20,451.9 18, 860. 3

Sour ce: Derived by multiplying $1982 val ue per
by increase in nunber

of visits.

visitor day

from Table 6-6
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An additional shortconming of this conditional logit approach is the use
of travel costs to simulate prices. Travel costs may be difficult to specify
because travel may have a special utility or disutility in itself, based on
aesthetics of the travel route and travel tine, in addition to travel costs.
The inmproved water quality data, the incorporation of trave
time, and the estimation of travel distance, and the estimation of consumer
surplus, however, make the logit nodel the npbst enpirically and theoretically
sound of all the nethodol ogies used to estimte swinmrng benefits from

i mproving water quality in Boston Harbor

Despite these limtations, the benefit estimates resulting fromthe |ogit
nmodel are instructive in two ways. The difference in the estimtes of
i ncrease in demand as neasured by user days using the logit technique (Table
6-6) as opposed to the increased participation technique (Table 6-2) depend
on the treatnment option and the beach location. The logit nodel predicts
greater participation for the STP options (ocean outfall and secondary
treatnment) and |ess participation under the CSO and CSO and STP conbi ned
options than does the increased participation approach. For the individua
beaches the logit nodel predicts greater participation at Dorchester/Neponset
and Constitution while less participation at Wl I aston. The predicted
i ncreased days for the logit nodel are within the bounds of seasonal capacity
as estimated above (see Section 6.1.1). The other factors, such as crowding,
adequat e parking and presence of jellyfish, however, have unknown inpacts as
was noted above for the increased participation approach. In addition, the
average value per visitor day determ ned by the logit nodel--$11.06--is
al nost-twice as great as the noderate user day val ue of $5.80, indicating
that applying a user-day value of that magnitude to estimate consumer surplus

may seriously understate total benefits.



6- 39

6.2.3 Swi nm ng--Beach C osings

An alternative method for calculating swinming benefits from increased
partici pation because of inmproved water quality is to determne the value O

| ost participation if beaches are closed because of fecal contam nation.

Essentially, this technique estinmates the dollar value of the number of daily
beach closings by multiplying the average consumer surplus per daytrip (in
dollars per unit) by the daily attendance at each beach and by the nunber O

daily beach closings due to water pollution.

The information needed to calculate these benefits using this technique is
usually nore readily available than detailed information required for benefit
estimation using the previously described increased participaton technique,
and thus this nmethod has often forned the basis for calculating total sw mm ng
benefits. In the case of Boston Harbor beaches, different health standards
are applied according to beach ownership, The MDC does not actually close
beaches when fecal coliform neasures are high enough to represent a health
hazard, but they do post signs that the beaches are unsafe for sw mm ng.

Signs are posted at an MDC beach when fecal coliform counts exceed 500 MPN 100
m. A few towns use a standard of 1,000 MPN/100 m total coliform Feder a
standards are the nobst strict, suggesting closure when fecal coliform counts

exceed 200 MPN/ 100 nl .

The first step in this technique is to decide which health standard to
appl y. We have chosen to use the strict federal standard of 200 MPN/ 100 ml to
establish an upper bound and the MDC standard of 500 MPN/ 100 ml as a | ower
bound. We did not choose the 1,000 MPN/ 100 m as a | ower bound because few of

the affected town beaches use this level, and there are few tinmes during the
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season when coliform concentrations reach this high a level. W have also
assuned that there is limted or no attendance at the beaches during the days

when fecal coliform counts exceed the 200 MPN 100 ml and 500 MPN/ 100 ml | evel s.

The next step is to relate bacteriological contam nation with daily
attendance figures so that we can arrive at a nunmber of |ost recreation days.
Unfortunately, as previously described, the only attendance figures avail able
are seasonal (Menorial Day to |abor Day) data, making it difficult to assess
t he exact nunber of swimers affected by daily beach closings. There is also
t he added conplication that weekend attendance at beaches is usually greater
t han weekday attendance and, therefore, weekend violations of water quality
standards have a greater inpact on potential |osses than weekday viol ations.
Data limtations prevented us from considering this effect. I nst ead we have
assuned a direct proportional relationship between total seasonal attendance
figures and percentage of times during the season that water quality |levels
exceed 200 MPN 100 ml and 500 MPN/ 100 mi . For example, if a beach has water
quality levels which exceed 200 MPN/ 100 m during five percent of the season
then we assune that five percent of total attendance will be affected and wll
not go to the beach (see Appendix B.5 for details). Thi s assunption probably
understates the case since water quality problens tend to be the worst during

the hottest times of the year, when beach attendance is the highest,

6.2.3.1 Boston Harbor Beaches

In order to arrive at savings according to the CSO and STP options, it is
necessary to multiply these base visits by the predicted percent cleanup
These base-case lost visits and their corresponding averted lost visits due

to pollution control programs are presented at the top of Tables 6-8
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and 6-9. The final step in this nethodology is to value these averted | ost
attendance days by applying a range of user-day dollar val ues. These val ues
represent the savings due to averted beach closings due to pollution
abatement in Boston Harbor and are presented at the bottom of Tables 6-8 and

6- 9.

6.2.3.2 Nantasket Beach

The only other sw nming beach in our study area is Nantasket Beach. It
is expected to be adversely affected by the deep ocean outfall option (see
Table. 4-3). We have used only the beach closing method to estimate the
effects on swi mming at Nantasket Beach because of the limtations of
avai | abl e data and nethodol ogy for measuring effects of increases in

pollutant |evels.

Seasonal popul ation at Nantasket Beach is estimated to be 3,035, 000,
based on information from Binkl ey and Hanemann (1975) and the MDC
Currently, Nantasket Beach has water quality |evels which exceed 200 MPN 100
m approximately 2.3 percent of the season. Water quality is expected to
decrease by 10 percent fromcurrent levels if a deep ocean outfall is
constructed. It is difficult to predict the relationship between this
percentage decrease in water quality and the correspondi ng percentage changes
in pollutant concentrations exceeding 200 MPN/ 100 ml and 500 MPN/ 100 m . W
have chosen to conservatively assume that the water quality |evel at
Nant asket will exceed 500 MPN/ 100 ml at least as frequently as it was
exceeded at the 200 MPN/ 100 m level, or 2.3 percent of the season. By
mul ti plying the seasonal attendance estinates by this percentage, we arrive
at a nunber of lost visits totalling 69, 805. These lost visits can be val ued

by applying a range of user day values from $1.60 to $11.06. Thus, we arrive
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Table 6-8. Annual Benefit of Averted Beach C osings
at 200 MPN 100 m (1982 $000)
CSO pl us CSO pl us
Ccean Secondary Ccean Secondary
CSO Qutfall Treatment CQutfall Tr eat ment
Beach Number  of Averted Lost Visits B/
Lost Visits &/
Constitution 29,019 20, 313 2,902 1,451 23, 215 21,764
Dor chest er
Castl e Island 1,010 808 101 101 909 909
Pl easur e Bay 11,779 9,423 1,178 1,178 10, 601 10, 601
Car son 6, 604 5,283 660 660 5,943 5,943
Mal i bu 14, 423 11, 539 1, 442 1,442 12,981 12,981
Tenean 41,519 33, 215 4,152 4,152 37, 367 37, 367
Wl | ast on 518, 870 415, 096 51, 887 51, 887 46 6,983 466, 983
Qui ncy 13, 687 10, 950 1, 369 1, 369 12,319 12,319
Weynout h 11, 966 - 3,590 3,590 3, 590. 3,590
Hi ngham - - - - - -
Hul | 3,505 - 1, 052 1, 052 1, 052 1, 052
TOTAL 652, 382 506, 627 68, 333 66, 882 574, 960 573, 509
User Day Annual Benefit of Averted Beach C osings c/
Val ue for All Boston Harbor Beaches (1982 $000)
$ 1.60 810.6 109. 3 107.0 876.7 860.0
$ 5.80 2,938.4 396. 3 387.9 3,178.2 3,117.5
$11. 06 5,603. 3 755.7 739.7 6, 060. 4 5,994.8
2/ see Appendi x B. 5.
b/ Nunber lost visits nultiplied by percent pollution abatenent (in Table
4-3).
S/ Total averted lost visits multi plied by user day value (in Table B-3,

Appendi x B).
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Table 6-9. Annual Benefit of Averted Beach C osings
at 500 MPN 100 nmi (1982 $000)

CSO pl us CSO pl us
Ccean Secondary Ccean Secondary
CSO Qutfall Tr eat ment Qutfall Tr eat nent
Beach Nunber of Averted Lost Visits B/
Lost Visits &/
Constitution 11, 606 8,124 1,161 580 9, 285 8,704
Dor chest er
Castle Island 433 346 43 43 389 389
Pl easure Bay 5, 049 4,039 505 505 4,544 4,544
Car son 4,714 3,771 471 471 4,242 4,242
Mal i bu 4, 328 3,462 433 433 3, 895 3,895
Tenean 24,107 19, 286 2,411 2,411 21, 697 21, 697
Wol | ast on 25 9,435 207, 548 25,944 25,944 23 3,492 233,492
Qui ncy 6, 537 5,230 654 654 5,884 5, 844
Weynout h - - - - - -
Hi ngham - - - - - -
Hul | 3,505 1, 052 1, 052 1, 052 1, 052
TOTAL 319,714 251, 806 32,674 32,093 284, 480 283, 899
User Day Annual Benefit of Averted Beach C osings c/
Val ue for Al Boston Harbor Beaches (1982 $000)
$ 1.60 402. 9 52.3 51.3 455.2 454, 2
$ 5.80 1,460.5 189.5 186.1 1,650.0 1,646.6
$11. 06 2,785.0 361. 4 354.9 3,146.3 3,139.9

a/ See Appendix B.5.
b/« Number of lost visits nulti plied by percent pollution abatenent (in Table 4-3).
€/ Total averted lost visits multiplied by user day value (in Table B-3, Appendix

B .
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at a range of $111,688 to $772,043, which represents a conservative estimte
O swiming-related pollution costs at Nantasket Beach attributable to

i mpl enentati on of the deep ocean outfall option

6.2.3.3 Benefit Estinnates

It is clear that the greatest benefits will derive from cleaning up the
Dorchester Bay and Wl | aston Beaches because these are the areas with the
greatest and nost frequent water quality violations, and they are the nobst
popul ar beaches. Tenean and Wl | aston Beaches, especially, have the greatest
nunber of averted |ost visits. Based on the strict 200 MPN 100 ml standard,

Wl | aston has nearly 520,000 lost visits while Tenean has over 41,500

Benefits to the STP-affected beaches of Wynouth, H ngham and Hul
are extremely low for both the upper bound and | ower bound case for a number
of reasons. These include the fairly good quality of shoreline water, the
fact that the STP pollution control progranms are expected to reduce feca
coliform concentration and, thus, reduce beach closings, by only 30 percent,

and the fact that attendance is |ow at these beaches.

6.2.3.4 Linmits of Analysis

These dollar benefits are significantly |ower than the values cal cul ated
for swinming benefits using the increased participation nethodol ogy,
previously described. The reasons for this difference are many and only
serve to enphasize the many linitations and shortcom ngs of using this
met hodol ogy to estinmate recreation benefits. Normally, beach closings are
calcul ated by relating the intensity of rain events to CSO overflow and the
correspondi ng effect on anbient water quality and beach attendance. This

met hodol ogy was not utilized, however, because of data linitations and
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because a substantial portion of anbient water quality problems in beach
areas in Boston Harbor stenms from problens with dry weather overfl ow (DWO).
The beach cl osing nethodol ogy attenpts to capture the general seasona

rel ati onship between CSO DWDO events and beach participation based on seasona
averages of anbient water quality and estinmates of seasonal beach

att endance. It underestimates total swimiing benefits because it cannot
capture the dollar value of increased nunber of visits due to cleaner and
nore attractive beaches, nor can it capture the increase in willingness to
pay for safer and cl eaner bathing areas. In addition, these estimates for
Bost on Harbor are based on the assunption that there is a direct correlation
bet ween percent fecal contanination and percent beach closings. In reality
this relationship nmay not be directly proportional and, in fact, there may
not be a significant relationship between the two paraneters. W can only
conclude that this nethodol ogy seriously underestimtes sw mm ng-rel ated
benefits, and that this range of values is a | ess appropriate neasure of

wat er pollution abatement benefits than val ues derived from previously

described techni ques.

6.3 Recreational Boating

One of the significant consuner surplus benefits associated with water
pol |l uti on abatenment in Boston Harbor is the increased use and utility of
harbor waters by boaters, and the savings in dollars spent on these
activities. Unfortunately, unlike the previously described sw nm ng-rel ated
benefits, there is little available information upon which to base these
benefits. Instead we make only very general estinmates of consuner surplus
using a nunmber of assunptions about increased participation and the
correspondi ng val ue of these increases and applying aggregated information

from regional and federal recreation studies.
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6.3.1 Increased Participation

It has been well docunented that inproved water quality can have an
i mportant effect on the |level of recreational boating (Davidson, Adans and
Seneca, 1966). Participation in all boating activities in Boston Harbor--
sailing, notor boating, canoeing and w ndsurfing--is expected to increase
with correspondi ng decreases in water pollutant |evels. Benefits fromthis
i mprovenent stem from an increase in frequency of participation by previous
users, willingness to pay a higher price for the boating experience because
of inproved water quality, and new participation by previous non-users. Mich
of this increased participation is likely to come fromincreases in the
aesthetic boating experience due to the decreased offensiveness of presently
pol | uted areas, especially those areas directly surrounding the sewage
treatment plants and near CSO outfalls. | mprovenents to CSGs in Dorchester
Bay and the Deer and Nut Island STPs will nost definitely inprove water
quality and, thereby, encourage increased recreational boating in these
ar eas. Unfortunately, there are few boating participation studies which |ink
a change in water quality to a change in boater use of water resources which
are applicable to Boston Harbor and, thus, recreation participation data on
present use, along with data on unmet denmand, was used to estinmate boating

benefits from inprovenments in water quality.

We have used a benefit estimation nmethodology which is simlar to the
i ncreased participation technique described for swiming related benefits.
Using data from a variety of recreational sources we have estimated the
nunber of user days per year for two categories of boating--nmotor boating and
sai l i ng. Al t hough there are no quantitative nmeasures of predicted percentage

increases in boating that are expected to occur under the various CSO and STP
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options, we can estimate this increased participation by assunmi ng that

cl eaner waters will supply a portion of unnmet (latent) demand. Two of the
recreational studies have estimted a 45-69 percent unmet demand in the
Boston Metropolitan area for boating. This translates into a need of 1.8 to
2.8 mllion days for notor boating and 0.8 to 1.3 million days for sailing.
We can assune that sone of this demand will be net by cleaning up harbor

wat ers, although it is not imediately clear what percentage will actually be
nmet . Because fishing and boating take place throughout the harbor and are
not restricted to certain areas we have cal cul ated these benefits on a

har bor-wi de basis for the two conbi ned options, CSO plus Ccean CQutfall and
@O plus Secondary Treatnent. We have assuned that abating pollution from
CSO and Ccean Qutfall controls will lead to a 2 to 10 percent reduction in
unnet demand. We assuned the GO plus Secondary Treatnent option would neet
5 to 12 percent of unmet denand. The I ower figures for the deep ocean
outfall option reflect the adverse inpact this option is expected to have on

the area around the Brewsters |slands.

Al t hough these figures night appear to be overly conservative, we have
chosen them for two reasons. First, we believe that the | atent denand of
45-69 percent reported in the recreational studies is probably an
overestimate (and have chosen to use 50% in our calcul ations). Second, even
t hough nore boaters mght increase their use of Boston Harbor when pollution
is decreased, there is a limted supply of available nmarinas, boatyards and
docks. Thus, for every ten new boaters who might want to use the harbor
only one mght actually be able to because of limted facilities. In other

words, we have assuned that the binding constraint on increases in boating
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participation is not only poor water quality, but the supply of boating
facilities as well. This has been denonstrated by Davidson et al. (1966) who
determ ned that the supply of boatable water is affected by the depth, w dth,
access, and quality of a water resource. In this study the upper bound

benefit estimate is deternined by the facility availability constraint.

6.3.2 Benefits Estinmates

Using these assuned recreational figures, it is possible to calculate the
nunmber of increased boating days. By applying a | ower bound user day val ue
of $18.14 and an upper bound value of $45.19 (see Table B-3, Appendix B) to
the range of increased boating days, we arrive at the estimated val ue of

benefits for boating activities (see Table 6-10).

6.3.3 Limts of Analysis

Cal cul ati on of boating-related benefits is linted by both nethodol ogy
and data base. Statistics on use and participation were inconsistent anong
all sources, requiring us to judge which statistics were the nost appropriate
for a given step in the estimation process. There was scant information on
| atent demand, requiring us to use a possibly overstated estinmate from a
Bost on- based study. Benefit estimation was further conprom sed by having to
assune what percentage of |atent demand was net by cleaning up harbor waters
a prediction based on professional judgnent rather than quantitative
information. Al of these shortconmings are reflected in the final benefit
values. In addition, this benefit nethodol ogy does not capture total consumer
surplus in that only the benefits of water quality inprovement to new

participants, and not increased utility and increased participation of



6- 49

Table 6-10. Annual Saltwater Boating Benefits
(1982%)
Mot or
Boat i ng Sai li ng Tot al
LATENT DEMAND
% of SMBA 22 15
# of recreators 607, 938 414,504 1,022,442
User Days per Participant 6.7 4.5
# of User Days 4,073, 185 1, 865,268 5,938, 453
Latent Demand (50% 2,036, 593 932,634 2,969, 226
LOVER BOUND ESTI MATES
% Lat ent Denmand net by
CSCs and Ccean Cutfall 2 2 2
CSCs and Secondary Treat nment 5 5 5
Days of Latent Denmand nmet by
CSCs and Ccean Cutfall 40, 732 18,653 59, 385
CSCs and Secondary Treat nent 101, 830 46, 632 148, 462
Annual Benefits (User Day Value = $18.142/)
CSCs and Ocean Cutfall 3,694, 000 1,692,000 5,386,000
CSCs and Secondary Treat nent 4,433, 000 2,030,000 6,463,000
UPPER BOUND ESTI MATES
% Lat ent Denmand met by
CSCs and Ccean Cutfall 10 10 10
CSGs, and Secondary Treat nment 12 12 12
Days of Latent Denand nmet by
CSCs and Ccean CQutfall 203, 659 9 3,263 296, 192
CSCs and Secondary 244,391 111, 916 356, 307
Annual Benefits (User Day Value = $40.89/)
CSCs and Qcean Cutfall 8, 328, 000 3, 814,000 12, 129, 000
CSCs and Secondary Treat nent 9, 993, 000 4,576, 000 14,569, 000

a/ See Tabl e B-3, Appendix B.
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previous users, is neasured. These benefit values also understate total
boating-rel ated benefits because other boating activities, such as canoeing
and wi ndsurfing, have not been considered and because reductions in the
anmount of fouling of boats and equi pment have not been considered. Finally,
al though boating benefits are substantial when estimated for the entire study

area in the Boston Harbor, data limtations prevented disaggregating these
benefits to the level of the areas specifically affected by the pollution

abatenent options. Thus, these benefit estinates can only be used to

enphasi ze the relative inportance of the effect of inproved water quality on

recreational boating and to underscore the conclusion that these effects are

both nonetizable and significant.

6.4 Recreational Fishing

The benefits to recreational fishing of inproving water quality in Boston
Har bor has two conponents. First, cleaner water will affect the availability
of fish, both species and nunbers. Second, this change in fish availability
will affect fishing participation rates. In addition, there may be a
"perception" effect on fishing activity which is independent of this
availability, inmplying a nore positive response towards fishing in cleaner
water. The consuner surplus frominproving water quality should, thus,
be neasured by calculating increases in participation stemming from changes
in fish species and nunbers and the increased utility or willingness to pay a

hi gher price to fish in cleaner water.

a/ An informal survey by Metcalf and Eddy (1982) reported that, although
in general it did not appear that fishers avoided discharge areas, one bait
shop owner had reported that the Nut I|sland discharge made the area

unattractive for his clients. In another, larger, survey conducted by the
Massachusetts Division of Marine Fisheries (1982) , concern was expressed over
the effects of pollution by toxic chenmicals and sewage waste (65-60 percent
felt these were serious problems), loss of fish habitat (57 percent),
adequate stocks of fish to catch (43 percent).
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6.4.1 Conponents of Recreational Fishing

Calculating this fishing-related consuner surplus is difficult however,
because it involves assessing the technical effects/inmpacts of the pollution
control actions, including changes in ecological habitat, as well as
determ ning the behavioral effect of these actions. These steps are

sumarized in Figure 6-2

A nunber of studies have attenpted to nodel and anal yze the effects and
responses of fish and anglers to changes in water quality from pollution
control prograns. Bell and Canterbery (1976) nodel ed biol ogi cal production
functions of inportant recreational fish and applied themto recreationa
fisheries data to arrive at estimates of recreational fishing benefits for
each state in the Union. W have chosen not to apply their results to the
study area because of methodol ogical and data linmitations. One other study
(Russel | and Vaughan, 1982) devel oped a nodel to estimate the probability of
being an angler, the probability of spending tine to fish, and the average
length of tine for each type of fishing. Their nmodel estimates the effects of
wat er quality changes on nunber of fishing sites, types of supportable fish
popul ation, and change in aesthetic experience. Thi s nodel can only be used
for freshwater fishing areas and, thus, cannot be applied to the Boston Harbor

Study area.

It was not possible to calculate many of the effects and responses listed
in Figure 6-2, which is a prerequisite to calcul ating neasures of consuner
sur pl us. It was particularly difficult to determ ne how pollution contro
pl an-effluents would precisely affect or change the ecol ogi cal habitats of
inportant recreational fish. tie preferred sumer recreational fish in the

harbor is winter flounder (Pseudopl euronectes anericanus) although other
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Figure 6-2. Effects and Responses to STP, CSO and

Sewer Controls
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desirabl e species include striped bass (Mrone saxatilis), bluefish

(Pomat omus saltatrix), and cod (Gadus nmorhua). Wnter flounder appears to be

the only species definitely affected by Harbor pollution, preferring the nore
organically polluted areas to the cl eaner ones. Despite this attraction to
pol luted areas it was not possible to link these changes with the specific
pol I uti on control options. In general, productivity throughout the Boston
Har bor Study area is expected to increase with correspondi ng decreases in

wat er pollutants, although we were not able to quantitatively determ ne the
increase in productivity. These data limtations required us to apply a
general participation approach to estimate fishing benefits, simlar to the

met hod previously described under boating benefits.

Recreation studies provided information on percentage participation,
val ue of user days, and total user days per year for nmarine fishing. W were
unable to find direct, reliable figures on latent demand and, thus, we
assunmed a rate identical to that used for boating. W applied a user day
value of from $12.90 to $28.46 per user-day derived from a nunber of studies

presented in Table B-3, Appendix B. tie results are presented in Table 6-11

6.4.2 Benefits Estimtes

Fi shing benefits can only be estimated for the entire Boston Harbor Study
area, rather than for each distinct geographical area. The possibility of
doubl e counting sonme boaters who primarily fish fromtheir boats exists.
However, no information was avail able to suggest how prevalent this kind of
behavi or m ght be. For this reason, these benefit figures should be

interpreted with caution
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Recr eat i onal

(19828%)

Fi shing Benefits

Lower Upper
Bound Bound
Latent Derand
% of SMSA 7 14
# of recreators 193, 435 386, 810
User Days per Participant 12 12
# of User Days 2,321, 220 4,642, 440
Lat ent Demand (50% 1, 160, 610 2,321, 220
% of Latent Dermand net by
CSGs and Ccean CQutfall 2 10
CSGs and Secondary Treat nent 5 12
Days of Latent Denmand met by
CSGCs and Ccean CQutfall 23,212 232,122
CSCs and Secondary Treat ment 58, 030 278, 546
User Day Val ue 3/ $12. 89 $34. 08
Annual Benefit Val ue
CSCs and Ccean Cutfall 299, 000 7,911, 000
CSGs and Secondary Treat nent 749, 000 9, 493, 000

a8/ See Table B-3, Appendix B
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6.4.3 Limts of Analysis

Estimati on of recreational fishing benefits is limted by nethodol ogy and
data base in ways sinmlar to those described under boating benefits. A nj or
limtation of this analysis is the lack of information Iinking changes in
water quality to correspondi ng changes in both biological habit and fish
popul ation. This lack of data prevented a precise estimation of the effects
of availability and nunmber of fish species on fishing participation. Anot her
probl em was that the available recreation fishing statistics on participation
and unmet demand were often inconsistent, requiring us to judge which were
the nmost appropriate for a given step in the estinmation process. Another
limtation of the analysis is that the methodol ogy used here does not capture
all conponents of consumer surplus. Benefit values reflect only benefits to
new participants, and not the value of increased utility or increase in
partici pation by previous users. The last limtation of this analysis is the
possibility of some double counting of fishing and boating benefits. Thus,
these estimates can only be used to enphasize the inportance of the effect of

i mproved water quality on recreational fishing.

6.5 Boston Harbor |slands

The Boston Harbor |slands are a unique natural resource in a nmetropolitan
area which possesses only half of the recomended m ni mum acreage of open
space per thousand population. The Islands are predom nantly open, natura
areas which offer a wide range of activities such as sw nmm ng, boating,
fishing, hiking, picknicking, canping and historic sight-seeing. Most of the
i slands have linmted recreational facilities, which restrict current and

potential visits. However, effluent fromthe two sewage treatnment plants
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seriously degrades water quality around the islands, also discouraging
recreation. Assumi ng that the planned recreational facilites were
constructed, then inproving water quality around the islands would lead to a
correspondi ng increase in both frequency of participation and total nunber of
visitors. It is possible to roughly estimate this increased participation

despite scarce recreational data

6.5.1 Increased Participation

Recreational data from the Boston Harbor |slands Conprehensive Plan

(Metropolitan Planning Council, 1972) suggests that current attendance at al
the Islands for all recreational activities is 265,000 per season and that
total capacity, assum ng the planned structural inprovenents and additions
are inplenented, is 560,000 per season. This results in an excess supply of
295,000 visits per season. Gven the unique nature of the Harbor |slands, we
have assuned that some of the latent demand for recreation in the

har bor - -especially sw nmng, boating and fishing--could be net largely by

i mproving water quality around the Islands. | mpl ement ati on of either of the
STP options is expected to inprove the water quality around the nearest

Harbor Islands. However, inplenmentation of the deep ocean outfall option is
expected to have adverse effects on the Brewsters Islands, which are the

out ernost islands of Boston Harbor. The Brewsters include Great Brewster,

M ddl e Brewster, Quter Brewster, Calf, Little Calf and G een Islands, Shag
Rocks, and the Graves. These islands constitute one of the nost unique
marine environments on the Massachusetts coast , providing a highly accessible
marine habitat, conservation areas, and excellent sites for recreationa
diving. Water quality is expected to decrease by 10 to 15 percent in the

area surrounding these islands because they are so close to the ocean outfal
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di ffuser. Consequently, many of the recreational activities such as diving,
swi nm ng, boating and hiking will be affected by this degradati on of water
quality.

To develop benefit estimates for recreational activities at the Harbor
I sl ands we have assunmed a percentage increase (decrease) in visits and
applied a range of previously utilized user day values. The assunptions and

cal cul ati ons of these benefit values are presented in Table 6-12.

6.5.2 Limts of Analysis

The previously described methodology is Iimted by both its data bases
and its assunptions. There is little available information on |atent demand
for the Boston Harbor Islands and, thus, we had to assune an upper and | ower
bound participation rate. Although there are accurate estimates for current
Harbor |sland attendance, capacity estimates should be interpreted and used
wi th caution. The derived benefit estimates probably underestinmate
STP-rel ated benefits for the |slands because the applied nmethodol ogy cannot,
theoretically, capture either the dollar value of increased utility or the
val ue of increases in frequency of participation. These benefit val ues
shoul d al so be viewed as rough estinmates because of the possibility of
doubl e-counting from other benefit categories such as boating and fishing for
the entire harbor and because costs of upgrading recreational facilities,
which are a necesary prerequisite to increased participation, have not been

i ncl uded.

6.6 Sunmary of Recreation Benefits

Reduci ng water pollution in the Boston Harbor Study area by inplenenting

the different pollution control options will result in many recreation



6- 58

Table 6-12. Annual Benefits for Recreation on Boston Harbor |[slands

(1982 $000)

Qut er Harbor Brewsters
I sl ands I sl ands
Current Attendance 258, 000 7,000
Capacity 546, 000 14,000
Excess Supply (latent denmand) 288, 000 7,000
% Change in Water Quality
OCcean Qutfall Option 60 to 90 -10 to -15
Secondary Treatnent Option 30 to 80 30 to 40
% of Latent Demand net by
Ccean Qutfall Option 50 to 90 -20 to -30
Secondary Treatnent Option 50 to 75 50 to 75
Change in Visitor Days due to &/
Ccean Qutfall Option 144,000 to 259,200 -1,400 to -2,100
Secondary Treatnent Option 144,000 to 216, 000 3,500 to 5,250
User Day Values B/ $5.80 to $11.06 $5.80 to $11.06
Annual Benefit Val ues (1982 $000)
Ccean Qutfall Option 835 to 2,867 -8.1 to -23.2
Secondary Treatnent Option 835 to 2,389 20.3 to 58.1

a/ Change in Visitor Days calculated by nmultiplying |atent denand by the
percentage of latent demand net by the different treatnment options.

b/ sSee Table B-3, Appendi x B.
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benefits (see Table 6-13). A variety of nethodol ogi es have been used to
calculate the range of these benefits. These include: (1) swi nm ng--

i ncreased participation; (2) sw nmng--travel cost with conditional |ogit
nmodel ; (3) swi mmng--beach closings; (4) boating and fishing--increased
participation; (5) all recreation activities for Boston Harbor

I sl ands--i ncreased participation

Recreation benefits as calculated by the travel cost nethod, are greatest
in the category of swimrng. Benefits associated with the CSO options are
substantial while STP-related swimm ng benefits are mnor, because the
majority of swnmmng in the harbor study area takes place al ong shorelines,
which are not as adversely affected by STPs. Fi shing and boating benefits
have been calculated only for the entire harbor and not for each treatnent
alternative, because of data limtations. Benefits for both these categories
are al so substantial while the greatest STP-related recreation benefits are

fromwater quality inprovements near the Boston Harbor |slands.
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Recreati on Benefits

(Thousands of 1982%)
CSO plus CSO plus
. Ccean Secondary Ccean Secondary
Benefit CsO Qutfall Tr eat nent Qutfall Tr eat nent
A SW MM NG
1. Increased participation
a. Recreation studies &/
Hi gh: 16, 737 2,436 2,347 19,174 19, 084
Low: 1,620 236 227 1, 856 1, 847
Mbder at e: 7,325 1,066 1,027 8, 391 8, 352
2. Increased Participation and Increased Utility of Visit
a. Logit nodel: b/
Hi gh: 17, 302 1,479 1,479 20, 416 18, 860
Low: 11,575 990 990 13, 658 12,618
Moder at e: 14, 439 1,235 1, 235 17, 037 15, 739
3. Beach d osings
a. Strict &/ 200MPN f.c.
Hi gh: 5, 603 756 740 6, 060 5, 945
Low 811 109 107 877 860
Moder at e: 2,938 396 388 3,178 3,118
b. Lenient &/ 500 MPN f.c.
Hi gh: 2,785 351 355 3, 146 3, 140
Low: 403 52 51 455 454
Moder at e: 1, 461 189 186 1, 650 1, 647
c. Nantasket Beach &/
Hi gh: 0 (772) 0 (772) 0
Low: 0 (112) 0 (112) 0
Moder at e: 0 (405) 0 (405) 0
= £/
B. BO r?cI:rflgased Partici pation
Hi gh: NA NA NA 12,129 14, 569
Low: NA NA NA 5, 386 6, 463
Moder at e: NA NA NA 8, 758 10, 516
C. FsHNG ¥/
I ncreased Participation
Hi gh: NA NA NA 7,911 9, 493
Low NA NA NA 299 749
Moder at e: NA NA NA 4,105 5,121
D. BOSTON HARBOR | SLANDS
--Increased Participation b/
Hi gh: 0 2,844 2,447 2,844 2,447
Low. 0 827 855 827 855
Moder at e: 0 1,835 1, 651 1, 835 1, 651

a/ From Tabl e 6-3.

b/ From Table 6-7, does not include.

Qui ncy town beaches.

benefits.

e/ From Section 6.2.3.2;

costs not
£/ From Table 6-10.
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Section 7
Health Benefits

In order to assess the health benefits of reducing the |level of pollution
in Boston Harbor, it is first necessary to understand the adverse effects
that such a level of pollution nmight have on users of Boston Harbor waters.
Until recently, nost health effects associated with water have been estimated
for withdrawal uses for drinking water supplies rather than for instream
uses, such as swinming, or other withdrawal uses, 6 such as fish consunption.
This focus, in part, has been due to what the public views as the nore
serious nature of ingesting sewage contanmi nated water, but it has al so been
affected by the relative ease of determ ning causal relationships between
wat er ingestion and illness as opposed to water contact and illness or the
less direct link of water pollutants to the food chain. Attenpts to quantify
norbidity values and the corresponding benefits of decreasing the incidence
of illnesses contracted while swinming in polluted waters or consunption of
contam nated food have been nmade difficult by the lack of data on dose-

response and the correspondi ng popul ation at risk.

This section focuses on two types of health benefits: swi m ng-rel at ed
illness and illness related to bacterial contam nation of shellfish. O her
health risks, such as those due to the accunulation in the food chain of
heavy netals and toxics (e.g., copper, mercury, PCBs and silver found in the
ti ssues of |obsters and winter flounder) , cannot be estinmated because little

i s known about how the accunul ation takes place, the effects of consunption
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or the dose response. Consequently, the benefits described in this section
must be viewed as a partial analysis of the possible health benefits of

improving water quality in the Boston Harbor.

7.1 Swinmming-related Health Benefits

The method used to estimate swimmng-related health benefits defines the
popul ation at risk and then applies a dose-response relationship. A
di scussion of the dose-response relationship used in this analysis is

i ncl uded bel ow because this approach is a fairly recent devel opnent.

7.1.1 Benefit Measurenent Approach

One of the dose-response data problems for water contact and disease is
related to the indicators used to predict and quantify illness in the
popul ation. The conventional w sdom regarding public health and water borne
di sease assunmes that since sewage contains fecal material and fecal materia
may contain pathogens, then the level of fecal nmaterial is an adequate
measure of the potential for pathogens in the water. The parameter nost
commonly used as an indicator of the potential for pathogens is the feca
coliformbacterial count in the water colum. Fecal coliforms are, in fact,
an excellent indicator of the presence of domestic sewage, but they do not
supply the kind of information needed to develop a dose-response relationship

for swimng-related illnesses.

Recently, it has been established that the presence of another bacteria

indicator, Enterococci, is a nore accurate nmeasure of water quality than

fecal coliforns (Cabelli et al.,1980, 1982; Meiscier et al., 1982). This is

principally due to the fact that _Enterococci better mmic the aquatic

behavi or of the viruses responsible for the potentially nost serious
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(infectious hepatitis) and commopn (gastroenteritis) water-related enteric
di seases. In his 1980 and 1982 articles, Cabelli devel oped a dose-response
rel ati onshi p between_Enterococci density and the nunber of cases of

gastroi ntestinal synptons per 1000 sw mrers.

In order to apply this dose-response data to Boston Harbor beaches it was
necessary to perform some prelimnary cal cul ations and transformations of the
water quality data. Al of the water quality data for Boston area beaches is
recorded in terns of concentrations of fecal and total coliforns, as required
by local, state and federal health standards, rather than in concentrations
of Enterococci. Usi ng Enterococci data gathered from |l ocal Boston beaches we
devel oped a statistical relationship between the nore avail able indicator
fecal coliform and the nore accurate indicator, Enterococci. (See Appendi x

C for nore details.)

G ven the correspondence between fecal coliform and Enterococci and the
dose-response rel ationship between Enterococci and gastrointestinal synptomns,
it was possible to correlate water quality at affected beaches with potentia
swimmng-related illness. Water quality data from 1974-1982 were collected
and averaged for all Boston area beaches and a percentage range of feca
coliform concentrations was established. As described under the sw mi ng/
beach cl osings section, population at risk was cal cul ated by assum ng
proportional relationships between seasonal attendance figures and percent of
time during the season that water quality levels fell into various ranges.

For example, if fecal coliform standards fell between 30 and 50 MPN 100m for
two percent of the entire season at a beach, we assuned that two percent of

t he seasonal swi mm ng popul ati on would be affected by this | evel of feca
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coliform In addition, we assunmed that there were no swi nmers anong the
visitors on days when fecal coliform counts were above 500 MPN 100 ml since
this is the standard nost of the towns and nunicipalities use for closing

beaches or posting them as unsafe for sw mm ng.

G ven these different water quality levels and nunmber of bathers at ri sk,
we estimated the nunber of potential cases of gastrointestinal illness.
These are presented in Table 7-1. (See Appendix C for details of the
calculation.) For a lower bound estimate of number of cases of illness,

popul ation at risk can be changed to reflect visitors to the beach who

actually go sw nmm ng. If not all visitors to a beach go swi nm ng, then not
all visitors would be exposed to water pollution. The | ower bound esti mates
of nunbers of cases of illness reflect an estimate of 49% of all beach
visitors actually go sw nmi ng. In addition, even with the inproved water

quality not all of the predicted increased visitors may go sw nming because
of air and water tenperatures. During the 1982 and 1983 sunmer season, for
exanpl e, over half of the days had water tenperature bel ow 65° F or air

t enperature bel ow 75° F. For such days, sonme beach visitors may not go

SW nmi ng. To take into account these relatively colder tenperatures in the
Boston Harbor area a factor based on the distribution of air and water
tenperatures is applied to reduce population at risk and, thus, the nunber of

cases of illness. (See Appendix C.3 for derivation of population it-risk.)

The final stage in estimating swimming-related health benefits was to
value these illnesses. Based on information from Cabelli et al. (1980), we
have assuned that each case lasts fromone to two days and requires sick

| eave from work but does not require medical treatnment. \W have applied a



Table 7-1. Annual Reduction in Cases of Gastrointestinal |Illnesses
CSO Ocean Secondary CSO Pl us CSO Plus

Option Cutfall Tr eat ment Ccean Secondary
Option Option CQutfall Tr eat ment

Beach Option Option
Constitution 161-596 21-79 11-39 248-919 200- 741

Dorchester Bay

Castle Island 21-77 2-7 2-7 28-103 28-103
Pl easur e Bay 242-896 21-79 21-79 325-1203 325-1203
Car son 134- 497 12- 45 12- 45 182-675 182-675
Mal i bu 198- 735 18-68 18- 68 285-1056 285- 1056
Tenean 65- 239 15-57 15-57 175- 647 175- 647
Wol | ast on 2419- 8961 293-1085 293 -1085 4144-15348 4144-15348
Qui ncy 238-881 19-70 19-70 344-1275 344-1275
Weynout h 0 45-168 45-168 45- 168 45-168
Hi ngham 0 9-35 9-35 9-35 9-35
Hul | 0 27-100 27-100 27-100 27-100

Nant asket 0 (352)- (1302) * 0 (352)-(1302)* 0
Tot al 3478-12882 | 33-491 473-1753 5461- 20227 5765-21351

Increased cases of illness

See Appendi x C for

details of the cal cul ati ons.
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full wage rate of $8.10/hour for two days to arrive at an upper bound val ue of
$129. 56 per case and one-half the wage rate of $8.10/hour for one day to arrive
at a |lower bound value of $32.40 per case (1982%). These results are presented
in Table 7-2. Since the cost of illness is not the same as the willingness to
pay to avoid illness, these |lost earnings represent a conservative proxy for
the val ue of good health. Oher factors might include a value for disconfort

avoi ded and expenditures on nedi cal care.

7.1.2 Benefit Estinnates

The health benefits that are derived from cleaning up harbor waters are
substantial for some parts of the Boston Harbor Study area and insignificant
for others. The Wllaston and Quincy beaches show the greatest benefit
because of the great number of beach visitors, the poor |evel of water
quality, and the |large percentage of predicted cleanup. Benefits for the
Constitution and Dorchester Bay Beaches are not as great because, although

water quality is often poor at the beaches, the water is not consistently

dirty and, therefore, the greater number of cases of swi nmng-rel ated
gastroenteritis occur only sporadically. The benefits at Weynouth, H ngham
and Hull beaches are | ow because the water is relatively clean during nost of
the season, percent predicted cleanup is only 30 percent, and attendance

figures are |l ow conmpared to ot her Boston Harbor beaches.

7.1.3 Linmits of Analysis

The key difficulties in accurately calculating health benefits are the
water quality and population-at-risk data linmtations, as well as the

probl emrs associated with valuing norbidity. Although we were able to devel op



Table 7-2. Swinming Health Benefitsd/
(1982 $000)
CSO Plus
Ccean Secondary CSO Plus Secondary
b/ Qutfall Tr eat ment Ccean Qutfall Tr eat ment
CSO Option Opti on Opti on Opti on Opti on
$32.40-$129.56 $32.40-$129.56 $32.40-$129.56 $32.40-$129.56 $32.40-$129.5
Constitution 5.2-77.2 0.7-10.2 0.3-5.1 8.0-119.1 6.5-96.0
Dor chester Bay 21.3-316.7 2.3-33.1 2.3-33. 32.2-477.3 32.2-477.3
Castl e |Island 0.7-10.0 0.1-0.9 0.1-0.9 0.9-13.3 0.9-13.3
Pl easure Bay 7.8-116.1 0.7-10.2 0. 7-10. 10. 5-155.9 10. 5-155.9
Car son 4.3-64.4 0.4-5.8 0.4-5.8 5.9-8 7.5 5.9-87.5
Mal i bu 6.4-95.2 0.6-8.8 0.6-8.8 9.2-136.8 9.2-136.8
Tenean 2.1-31.0 0.5-7.4 0.5-7.4 5.7-83.8 5.7-83.8
Wl | ast on 78.4-1161.0 9.5-140.6 9.5-140.6 134.3-1988.5 134.3-1988.5
Qui ncy 7.7-114.1 0.6-9.1 0.6-9.1 11. 2-165.2 11. 2-165.2
Weynout h 0 1.5-21.8 1.5-21.8 1.5-21.8 1.5-21.8
Hi ngham 0 0.3-4.5 0.3-4.5 0.3-4.5 0.3-4.5
Hul | 0 0.9-13.0 0.9-13.0 0.9-13.0 0.9-13.0
Nant asket &/ 0 (11.3)- (168.7) 0 (11.3)- (168.7) 0
TOTAL 112.7-1,669.0 4.3-63.6 15. 3-227.2 176.9-2,620.7 186. 8- 2, 766. 3
a/val ue per case of illness tinmes number of cases from Table 7-1.

b/g32.40 represents one day lost work at one-half wage rate and $129.56 represents

two days | ost

wor k at

ful

wage rate.

E/Increased costs rather than savings.



a good statistical relationship between fecal coliform and Enterococci because
of avail able Boston data, in general such relationships are difficult if not

i mpossible to deternine because of variability in water quality conditions,
which affect the survival patterns and relationshi ps between various bacterial
indicators in marine waters. Benefit estimates are al so subject to bias
because of assunptions made about water quality |evels and sw nm ng

partici pation, because attendance figures only neasure seasonal, and not
yearly, beach visits because beach attendance may not reflect actual tine

spent in the water, and because the costs of illness do not include any

measure of nedical treatnent.

In addition, estinmating health benefits from swi nming may be subject to
doubl e counting since swinmmers may perceive nmost of the health effects
associated with water pollution. These benefits would thus be captured in
whole or in part by the logit estimation, described in the previous Section
of this report. Mire inportant than these limtations, however, is the fact
that previously unavail abl e dose-response information can now be used to
predict the number of swimrng-related illnesses, provided towns and cities

nmeasure the appropriate indicator of bacterial contanination.

A note of caution is warranted in using the Cabelli et al. dose response
functi on. This study is based on limted testing and the results have not

been duplicated or verified by other studies.

7.2 Shellfish Consunption

Theoretically, health benefits resulting from inproved water quality can
be estimated by relating the reduction in frequency of water-rel ated diseases
to the reduced contamination of shellfish attributed to various |evels of

pol | uti on abat enent. Quantifying these benefits is difficult because of the
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unavailability of a dose-response function for shellfish-borne diseases such'
as gastroenteritis, infectious hepatitis, and sal nonellosis. Additiona
difficulties are caused by the lack of information on the nagnitude of
shel [ fish contam nation and corresponding estimates of the population at

risk. Benefit estimation is further conplicated by the difficulty in valuing
norbidity effects. Despite these nethodol ogical shortcomings, it is inportant
to attenpt to estimate sone of the shellfish-related benefits, if only to

illustrate that such techniques can be applied, given appropriate data.

It is possible to calculate benefits fromreduction in incidence of
di sease by applying assuned, rather than scientifically-derived, relationships
bet ween water quality levels and incidence of disease. Assumi ng that disease
rates are proportional to the level of contami nation, it is possible to
cal cul ate a percentage reduction in the nunber of shellfish-borne cases of
di sease based on a correspondi ng percentage cleanup. Al nost one-half of the
shel I fish acreage in Boston Harbor is classified as "grossly" contam nated and
is closed to harvesting because of potential health threats. It has been
estimted that, despite this closure, hundreds of bushels of contani nated
clams are being illegally harvested ("bootl egged") from these cl osed beds, and
sol d on the open market. It is difficult to estimate the nunber of
contam nated clans that are reaching consumer tables, and even nore difficult
to estimte what proportion of these clans can be linked to occurrence of
di seases. The only avail able indicator of shellfish-related diseases are the

actual reported outbreaks of gastroenteritis, hepatitis and other diseases.

In Boston, there have been few reported outbreaks of gastroenteritis or
ot her shellfish-related di seases. The Commonweal th of Massachusetts recorded
one outbreak of 30 cases of shellfish-related gastroenteritis in 1980. This

| ow di sease rate does not necessarily indicate that there is little risk of



contracting shellfish-borne diseases or that shellfish contamnation, due to
polluted waters, does not exist. Rat her, it suggests that a high proportion
of cases are unreported, especially for the nore common gastroenteritis
cases. One study (Singley, et al., 1975) suggested that the ratio of actua
to reported cases of foodborne diseases is 12:1. If this ratio were applied
to the data from Boston, then we would expect a mnimm of 360 cases per year
of gastroenteritis due to shellfish contanination. Assuming a simlar
Scenario as described under swiming effects, these cases could be valued at
a low of $32.40 and a high of $129.56. Potential damages would then range

from $11,664 to $46,642

It is not possible to relate reduction in water pollution, resulting from
inmplementation of different pollution control plans, to corresponding
reductions in incidence rate of these diseases and corresponding reductions
in norbidity values because of the inadequate information relating a specific
case to a specific shellfish area. It is inportant to note, however, that
provi ded adequate data, the above technique can be applied, and corresponding

benefits can be valued
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Section 8

Commerci al Fisheries Benefits

Commercial fishing within Boston Harbor and the perinmeter of
Massachusetts Bay includes shellfishing, |obstering and finfishing. It is
difficult to predict the precise inpact of the various pollution abatenent
options because of |ack of data on both productivity changes in relation to
pol lutant levels and current yields fromthe study area, especially for
| obstering and finfishing. Because of differences in the avail able data,
this section presents a general view of the potential inmpacts on |obsters and

finfish and nore detail ed cal cul ations for shellfishing.

As will be seen, the near-term benefits fromreducing water pollution are
nodest . The nmost inportant factor affecting this lack of inprovenent is the
probl em of sedinent contamnmination, which is affected by all sources of
pol lution (STPs, CSCs, non-point runoff, wunauthorized site dunping, illega
di scharges, and town sewers). The sedinent throughout Boston Harbor is a
sink for a nunmber of toxic pollutants, particularly for heavy netals such as
mercury, copper, nickel and silver, for PCBs, and for a nunber of pesticides,
all of which are potentially detrinmental to fish productivity and consumer
heal t h. There is scarce information about the precise |levels of these
contani nants in the sedinment and even |ess information about their turnover
and flushing rates. Added to this dilemm of sedinent contamination is the
probl em of bacterial pollution fromillegal dischargers, non-point sources
and town sewers, all of which are difficult to |ocate, naking it nearly
i npossible to precisely define their correspondi ng receptors. For these
reasons, we have had to apply quite restrictive assunptions to the benefit

cal cul ati ons.
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8.1 Lobstering and Finfishing

Lobstering is the nobst valuable fishery conducted within Massachusetts
state waters. Total 1981 |obster |andings were 9.5 million pounds and, at a
val ue of $2.09 per pound, were worth $19.8 m'IIion.a Most of the
| obstering activity occurs in Essex and Plynouth counties, along shoreline
areas. Prior to 1979, the Massachusetts Division of Marine Fisheries did not
keep data in a formwhich made it possible to determ ne anpbunts which were
harvested in any particular area of the Harbor, Metcal f & Eddy (1982) have
estimated that Dorchester Bay is the npbst productive area of the Harbor

b/
followed in productivity by Quincy and H ngham Bays. In 1979, however,
the Division expanded the boundaries of the statistical catch area for |obster
to include the entire Boston Harbor and portions of Mssachusetts Bay out to a
depth of 120 feet. Wthin this area, stretching from Lynn to Scituate and east
past the Brewsters |Islands, the total 1981 |obster catch was 2.6 million pounds

worth $5.4 million if valued at $2.09 per pound, accounting for about 27

percent of total Mssachusetts |obster supply.

Finfishing is also a commercial activity in Boston Harbor and the
i medi at e Massachusetts Bay area. Boston is one of 51 conmercial fishing
harbors in Massachusetts, and in 1979 ranked third in Massachusetts in pounds
of finfish |anded. The approximately 57 gilt net line trawl vessels operating
in and around the Harbor fish primarily for winter flounder, cod, and pollock
nostly during the sunmer nonths. There are also 29 draggers registered in
Boston of which a small percentage fish within the Harbor area for nenhaden
and, just outside Boston Harbor, for winter flounder, yellow tail flounder, and

cod. In addition, there are four seine boats which are known to fish the

a L . . .
&/ Massachusetts Division of Marine Fisheries estinmates.

b/ Lobster harvest was approxi mately 140,000 kg (308,000 Ibs.) in

Dorchester Bay in 1967 and 80,000 kg (176,000 Ibs.) in H ngham Bay in 1970
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waters at the perineter of Boston Harbor and Massachusetts Hay for sea
herring. The National Marine Fisheries service records finfish landings in
Bost on Harbor but, unfortunately, these records do not include where the fish
speci es are caught. For the year 1981, 28.4 nillion pounds of fish were

| anded in the port of Boston for a value of $12.4 mllion (National Marine

Fi sheries Service, 1983).

It is expected that reducing pollutant levels fromthe CSGs and the STPs
will increase the productivity of lobstering and finfishing within the study
areas but it is not possible to say by how nuch. On the other hand one
treatnment alternative, the deep ocean outfall option, will increase pollutant
| evel s i mediately surrounding the ocean diffuser in Masschusetts Bay. This
option is expected to have an adverse inpact on |obstering and finfishing

activities in that area.

It is difficult to predict the precise inpact that effluent fromthe ocean
outfall discharge--which includes BOD, suspended solids, heavy netals and
toxi ¢ chenicals--will have on the productivity of |obstering and finfishing
because of insufficient dose-response data at sublethal concentrations and
because of deficiencies in current know edge of variations in anbient
concentrations of water pollutants, which vary according to depth, current
patterns, tenperature conditions, tidal influences and estuarine influences.
We nmust assune that pollution from ocean outfall effluent will have simlar
environnental effects as those reported for Boston Harbor, despite their
bi ol ogi cal, chenical and physical differences. Sone information does exist,
however, which enables us to predict the range of transport of sone of the
pol lutants and the corresponding qualitative predicted inmpact of discharge on

bent hi ¢ fauna and comercial fisheries productivity.
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Circulation in Massachusetts Bay (location of the ocean outfall) is not as
efficient in terns of dispersion as are other area coastal |ocations, because
the Bay is partially enclosed. Circulation is further restricted because of
the depressed topographic features. The predicted ocean outfall discharge of
494,200 | bs/day of BOD and 369,000 |bs/day of suspended solids (including

associ ated toxic pollutants such as PCBs, pesticides, and heavy nmetals) is

expected to have an adverse effect on the biol ogical population within the

i medi ate di scharge area and beyond the zone of initial dilution, although
exact quantification of these effects is currently not possible. The

di scharge from the ocean diffuser is not expected to violate the
Massachusetts' dissolved oxygen standard at the boundary of initial dilution,
but it could be expected to violate the far-field and steady state benthic

oxygen demand criteria due to abrupt resuspensioné/

As stated in the waiver denial (US EPA, 1983) the proposed deep ocean
outfall is expected to contribute nutrient stimulation of phytoplankton
resulting in an adverse increase of pollution-tolerant phytoplankton and an
increase in the anpbunt of phytoplankton propagated at the existing
site.g/ No neasurable effects are expected for zoopl ankton-popul ations.

The dilution dynam cs at the proposed discharge site, the differences in the
conmunity structure of sone of the popul ations, and the nunmerous near-shore
pol luti on sources make it difficult to predict precisely the nature of the

i npact on biol ogical community dynamics. In general, the proposed di scharge
is predicted to result in npderate, and possibly mjor, adverse inpacts on the

bent hos. Maj or benthic alterations resulting from a sedinmentation rate of 486

g/mz/Yr woul d be expected to cover an area about 37 tinmes the area of the

a/

— For a conplete discussion of discharge and projected qualitative
i mpacts, see US EPA, 1983.
b/

= Based on observed inpacts at present discharge areas in Boston Harbor,
and a cal cul ated deposition rate of sewage particles resulting in organic
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zone of initial dilution (2.4 ni? whereas noderate inpacts resulting from a
sedimentation rate of 92 g/nf/yr would extend over an area about 2,500 tines
that of the zone of initial dilution (166 ni? (US EPA, 1983; Tetra Tech

1980) .

The effects of these benthic changes on commercial fisheries are not
i medi ately cl ear. In general, the reduction and changes in benthic fauna are
expected to result in a decrease in available foods for finfish, crabs, and,
to a | esser extent, |obsters over a 166 mi? area of Massachusetts Bay.
Unfortunately, it is extrenely difficult to quantify the exact nagnitude of

these effects on finfish and | obster productivity.

The part of this study area which is nost likely to be affected by the
proposed ocean outfall, and which also supports |obster populations, is the
area of the Brewsters Islands on the perinmeter of Boston Harbor and
Massachusetts Bay. It is possible that an area of |obster exclusion nmay be
formed around the Brewsters based on observed exclusions at the existing Lynn
Wast ewat er di scharge (Tetra Tech, 1982). Thi s exclusion would result,
however, in only a small reduction in total |obster catch. This is because
the anpbunt of |obster caught in the Brewster |Islands area represents only a
fraction of the over 2 million pounds of |obster harvested in the entire area
(which extends fromLynn to Scituate, and includes inner Boston Harbor).
Insufficient data on the nunmber of pounds of |obster caught in this area

prevents precise quantification of these effects.

Estimates of costs to conmmercial finfishery are equally difficult to
det er m ne. As was the case for |obsters, increased concentrations of
pollutants are expected to detrinentally affect nany of the fish popul ations.

Fin erosion, particularly in winter flounder, is one of the few inpacts which
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are directly observable. Fin erosion has been detected in winter flounder
taken frominshore Harbor |ocations, although the exact cause of fin erosion
is not known. There is some evidence that fish devel op the di sease when

mai ntai ned in contact with contani nated sedinments. There is also additiona
evi dence that PCBs nmay be involved in the devel opment of the disease (US EPA

1983; Sherwood, 1982). Based on this information, it is predicted that

finfish (particularly the winter flounder, which will be attracted to the
sedi nents because of their organic enrichnment) will be affected by this
di sease. G ven the lack of information on how this disease specifically

alters species productivity and recruitnent, however, it is currently not
possible to quantitatively estimte these effects on the econom cs of

commercial finfishing in the study area.

One final concern is the problem of toxic pollutants. Toxi c pollutants
and pesticides can exert a nunmber of adverse effects on marine organi sns. The
ocean outfall option is expected to increase the concentrations of a nunber of
toxic pollutants in the anbient waters and sedi nents surrounding the ocean
outfall diffuser. Based on analysis by Tetra Tech (1980) and US EPA (1983),
it is predicted that copper, mercury, silver, and PCBs may exceed EPA water
quality criteria after initial dilution, unless alleviated by a toxic contro
program Al though an initial dilution of 133:1 will help assure that netals
concentrations will fall below EPA water quality criteria, the unusually |arge
predi cted volunme of particulate matter and its associated toxic substances are
likely to result in high sedinent concentrations of particul ate-associ ated
toxi cants which will adversely affect marine biota (US EPA, 1983). Lobsters
are particularly sensitive to copper concentrations; however, there is

uncertainty about the sublethal, chronic effects of this heavy netal on
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| obster popul ati on dynami cs. Even less is known about synergystic poll utant

a/
effects on both finfish and | obster

Al t hough toxic materials may be bioaccunmulating in | obster and finfish
ti ssue and adversely affecting the dynam cs of these popul ati ons, we mnust
concl ude that because of insufficient biological, chem cal and econonic data,

the economic effects on these conmercial fisheries nust remain unquantified.

8.2 Conmmercial Shellfishing |ndustry

The shellfishing industry is the sector of conmercial fishing to which the
greatest value could accrue from CSO or STP pollution abatement in Boston

Har bor . The soft shelled clam (Mya arenaria) is the nost abundant

comercially valuable shellfish species found in Boston Harbor. Bl ue rmussels

(Mytilus edulis) are also found but are not conmercially valuable. The Boston

Har bor fishery is an inportant part of the Massachusetts shellfishing

i ndustry; approximately twelve percent of the 1981 soft shelled clam harvest
came from the area. There are fifty-six shellfish areas in Boston Harbor
defined by the Massachusetts Division of Marine Fisheries, ranging in size
fromone that is three acres in Weynmouth to one of 400 acres in Hi ngham (see
Figure 8-1.). Total shellfish acreage is about 4,700 acres (see Table 8-1).

Al nost one-half of this acreage (2,273) is classified as grossly contam nated
and, therefore, closed to harvesting. Slightly over one-half is classified as

noderately contam nated and is open to harvesting only by |icensed master

a/ Despite the fact that toxic pollutants are expected to adversely
affect the marine biota, bioaccunmulation of these toxic chem cals are not
expected to exceed the FDA tolerance |level for finfish and | obster (US EPA
1983).
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Table 8-1

Characteristics of Boston Harbor Shellfish Area&

Name of Adjacent ! | Acreage by Classificationd/
City or Town or | Nunber of | |
Land Area ! Shellfish Areas | d osed ] Restricted
Constitution Beach Area 10 470 426
W nt hr op 3 38 316
East Boston 7 432 110
Dorchester Bay Area 4 425 70
Sout h Bost on 2 125 40
Dor chest er 2 300 30
Qui ncy 11 581 777
Weynout h 7 129 272
Hi ngham 3 37 464
Hul | 8 172 344
Bost on Har bor | sl ands: 13 689 105
Sl ate 1 30
G ape 1 55
Bunpki n 1 20
Geor ges 1 28
Lovel l's 1 106
Gal | ups 1 20
Deer 1 18
Long 1 106
Spect acl e 1 46
Thonpson 1 180
Rai nsford 1 37
Sheep 1 | a
Peddocks 1 130
TOTAL FLAT AREA 56 2,503 2,458
Esti mated Productive Tidal Ar.a 2,300 acres 1,150

a/ Department of Environmental Quality Engi neering estimates.

b/ These acreages represent total flat area as opposed to tidal area.
Producti ve acreage may be nuch small er.
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di ggers and their enployees. None of this area is open to unrestricted

di ggi ng. Speci al requirements such as the posting of a surety bond are placed
upon those who are issued naster digger licenses by the state. Shel | fi sh

from noderately contam nated areas nust undergo depuration at the Shellfish
Purification Plant in Newburyport, Mssachusetts, before being sold. The
Massachusetts shellfish sanitation program classifies shellfish areas by
standards devel oped by the U S. Public Health Service and nenber states of the
Cooperative Program for Certification of Interstate Shellfish Shippers. Anpng
other criteria, areas are classified according to the MPN (nmean probability
nunber) of total coliform bacteria per 100 m of the overlying waters. Zero
to seventy MPN is defined as clean, seventy-one to seven hundred MPN is
defined as noderately contanmi nated (restricted) and above 700 is defined as
grossly contani nated (cl osed). Al t hough bacterial quality of the water is one
criteria, the guidelines contain other requirements so that any potentia
sources of pollution, direct or indirect, may be sufficient to declare an area

unfit even though bacterial linmts were net.

8.2.1 Pollution Abatenent |npacts

The inmplenentation of CSO controls or STP inprovenents can be expected to
reduce the fecal and total coliformcounts in the waters overlying the
shel I fish areas in Boston Harbor, as discussed in the previous chapters.
Table 8-2 illustrates the changes that mght occur in the classification of
shel I fish bed acreage if the CSO and/or STP controls were inplenmented. The
antici pated changes would nean reclassification from grossly contam nated

(closed) to noderately contaminated (restricted), thereby allow ng harvesting



Table 8-2.

Estimated Potential Impacts of Pollution

Abatement Options on Boston Harbor Shellfish Areas a/

| Potential Additional Acres Open to { Optimum | Increased Yield Due to Control Option (bu/yr)
| Restricted HarVesting due to Control Option 2/ |  Annual §
[ Option | Yield |
! CSO | STP | For Each | CSO | sTp
Adjacent Const. | Dorch/Nep. Quincy | Ocean Outfall or Acrea I Const | Docch. /Nep. Quincy | Ocean Outfall or
Land Area | Secondary Trmt. (bu/acre) &/ | Secondary Trmt.
Winthrop 5 - - 14 50.0 250 - - 700
Fast Boston 55 - - 161 50.0 2,750 - -- 8,050
South Boston -— 16 - -~ 62.5 -- 1,000 - -
Dorchester - 75 -- - 50.0 ~- 3,750 -- -
Quincy 4/ -- -- 80 6 16.2 -- -~ 1,296 97
- ~= 20 1 50.0 - - 1,000 50
Weymouth - - - 6 50.0 - et - 300
Hingham - - - 2 50.0 -— - - 100
Hull - - - 9 50.0 - - - 450
Nonton Narbor - - - 21 -- -- - -- 18,447
Ialands:
Long 4/ - - - 56 35.7 - - -~ 1,999
-~ -~ -- 31 200.0 -- -~ -- 6,200
Spectacle - - - 6 5.0 - - - 30
Thompson ~- -— - 180 55.6 - - ~-= 10,008
Rainsford - - - 1 60.0 - - -~ 60
Peddocks -— -— - 3 50.0 -- -- ~= 150
TOTAL 60 91 100 476 3,000 4,750 2,296 28,194
Sources: I sed on discussions with Department of Environmental Quality Engineering and Division of Marine Fisheries staff.

3/ These are general estimates; areas must be extensively sucveyed and sampled prior to any actual reclassificaton.

b/ These acreages represent productive tidal areas.

total flat area was used as an average figure.

Where estimates of productive tidal area were unavailable, one-half of

s/ Where optimum yield data were unavailable, 50 bushels per acre was used as an average figure (see Harrington, no date).

Y Two rows are used for these sites because they are composed of two parts with distinctly different optimum annual yields.

T1-8
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wi th depuration. It is not likely that areas now classified as restricted
could be opened to unrestricted harvesting, due to such factors as sedi nment

contam nati on which are unaffected by CSO controls or STP upgradi ng

It should be noted that, while this analysis specifically |ooks at two
main factors affecting the Boston Harbor shellfisheries' soft-shelled clans
(CsGs and STP discharges), other factors will also have an inpact (e.g.
winter-kills on the clam beds and harbor mai ntenance through channel
dredging). Also, as nentioned above, criteria other than bacterial levels are

used to classify shellfish harvesting areas.

Based on information from the Massachusetts Departnent of Environmenta
Qual ity Engineering, about 725 acres could be reclassified if all pollution
abat enent options were inplenmented. This represents about 30 percent of the
estimated total productive tidal area (as opposed to total flat area, see
Tables 8-1 and 8-2) in the harbor and about 60 percent of the closed
productive tidal area. The reclassification of acreage presented in Table 8-2
must be considered as only a general estimate. Areas would have to be
surveyed and sanpl ed extensively after inplenentation of any of the options

before any reclassification could take place.

In order to determne the inpact of the pollution abatenment options on the
shel I fishing industry, it is necessary to translate the potential additiona
acreage open to restricted digging into an increased harvest which can be
val ued econom cally. To do this, an estimated optimumyield factor is used
(see Table 8-2). The optimumyield is an estimate of the ideal annual |eve
of harvest of a particular area which will maxim ze both present and future

econonm ¢ revenues derived fromthe fishery. It is based on the maximum
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sustainable yield (MsY), which is a biologically deternined |evel indicating
t he annual harvest rate at which the productivity of the resource is

maxi m zed. Any change fromthis level of fish catch, nmore or |less, would
result in a decrease in the equilibrium population of fish. Optinmum yield

differs from MSY in that it also accounts for fishing industry effort levels

and benefits to society at large (see Pierce and Hughes, 1979). The opti mum
annual yield of a fishery is a function of costs and expected returns as wel

as the natural rate of growth of the fish popul ation. It may be a different
nunber than the MSY and, theoretically, allows for a profit-maximzing firmto
depl ete the resource. It is not expected that the pollution controls in

question would lower the growth rate of shellfish in affected areas, so

current optimm yields have been used here.

The production and yield of a shellfish resource is generally determn ned
froma popul ation density study of the area which place clams into class sizes
seed, juveniles, internmediates and mature in the order of size groupings.
These results afford information on the generation of yearly stock and of
succeeding crop famlies. Data al so is produced on the health of the
shel | fish, predation and a general distribution pattern of the shellfish in
the area. The information on optinumyield in Table 7-2 was provided by the
Massachusetts Departnment of Environmental Quality Engineering. \Were no

studi es have been nmade an average figure of 50 bushels per acre was used.é/

a/ From Harrington (no date). Also, the Miine Departnent of Marine
Resources rates acreage productivity for less than 25 bu/acres as poor, for
25-50 bu/acre as fair, for 50-75 bu/acre as good and for greater than 75
bu/acre as excellent (provided by E. Weng, environmental Protection Agency,
Regi on |, Boston, MA).
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Mul tiplying the optinum annual yield by the acreage potentially
reclassified due to each abatenent option gives the increased annual yield
that could be realized, as shown in the last four colums of Table 8-2. The
econom ¢ benefits associated with these increased yields depend upon the
econonics of the industry and the supply and demand for soft shelled clans, as
di scussed bel ow. It should be noted that conpared with an estimated current
16, 000 bushel s annual yield in Boston Harbor, the maxi mum estimated increase
of 34,000 bushels fromall pollution abatenment options ambunts to twice the
current annual yield. This potential increase would inpact on the depuration
plant, patrol surveillances, and laboratory and water quality monitoring.
These factors could act to |limt actual acreages opened to increased

harvesti ng

8.2.2 Benefit Assessnent Methodol ogy

Two types of benefits--change in producer surplus and change in consuner
surplus--may be associated with an increased shellfish harvest resulting from
pol lution abatenent. Producer surplus is a neasure of the well-being of a
firmand is defined as the excess of revenues over costs. Figure 8-2
ill&Gates typical, sinplified demand (D) and supply (84) curves for the
shel I fish industry. In the figure, producer surplus is the area bel ow the
Price line (Po) and above the supply curve (Sg): it is equal to the area
| abeled "B" plus the area labeled "F'. Consumer surplus is a neasure of the
satisfaction a consuner derives fromthe purchase of goods and services and is
defined as the difference between what the individual is willing to pay and
what is actually paid. In Figure 8-2, consunmer surplus is the area above the

Price line (Py) and bel ow the demand curve (D) (i.e., the area | abeled "A").
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Figure 8-2.

Typi cal Demand and Supply Curves for the Shellfish Industry
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If the fishery is regulated and nmanaged so that free entry by new firns is
restricted, then a change in producer surplus nmay occur. If the increase in
harvest is acconpanied by either an unchanging price level or by a decrease in
per unit harvest costs greater than the decrease in price, then increased
profits will accrue to those firnms in the restricted fishery throughout the
time frane of the anal ysis. If entry is unrestricted, however, then the
increased profits or rents to existing firns would be dissipated (after
several years duration at best) as new firns are attracted to the industry,

resulting in no |ong-run producer surplus.

A change in consuner surplus would depend upon a change in market price.
If the increase in harvest is large relative to the total |ocal nmarket, then
the market price could decrease, resulting in an increase in consumer
sur pl us. If the increase in harvest is relatively small, or if the industry
is oligopolistic (i.e., conposed of only a few firms so that each can affect
the whol e industry) and the firnms influence market price, then the price night

not decline and no increase in consunmer surplus would accrue.

Vet her changes in either producer or consuner surpluses would result from
the increased shellfish harvest estimated in the previous subsection for the
pol | uti on abatement options depends upon the shapes of the demand and supply
curves for the industry. As nentioned above, in Figure 8-2 for price equals
PO and quantity equals Qqr consuner surplus is defined as the area A and
producer surplus as the sum of the areas B + F. In the case illustrated, an
increase in quantity to Q; along with a downward shift in the supply curve
fron150 to Sy, representing a decrease in per unit harvest costs
(resulting frompollution abatenent), results in a new |lower equilibrium

price, Py. In this hypothetical exanple, both consumer and producer
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surpluses are increased and these changes can be val ued as econonic benefits
associated with the pollution abatenent, as follows:
New CS - dd CsS

(A+B+C+E) - A
B+C+E

Change in consuner surplus (CS)

New PS - Od PS
(F+G+H - (B+H
G+H- B.

Change in producer surplus (PS)

These supply and dermand curves must be estinmated enpirically for the
rel evant benefits to be determined. For exanple, if the demand curve is very
elastic (i.e., flat) in the region of interest, then we can expect no
significant consuner surplus benefits to acconpany an increase in quantity
produced. Broadl y speaking, demand is elastic if quantity demanded is highly
responsive to price changes and is inelastic if it is not. A very elastic
demand curve would be one that is approaching a horizontal |ine and,
therefore, the change in consuner surplus (B + C + E in the above exanpl e)
woul d be very small. O if, for instance, the supply curve for the industry
is not upward sloping in the region of concern, then no producer surplus would
be associated wh the production increase. Benefits estimated for a
particular fishery could include either consuner surplus benefits only or
producer surplus benefits only, or both types together, or no long-term
benefits, dependi ng upon the shapes of the enpirically estimted curves and

whet her or not the fishery is regulated (i.e., entry restricted).

8.2.3 Benefit Estimtes

Al t hough the theory for estimating comercial fishing benefits is wel
devel oped and straightforward, the application of that theory is difficult.
There are no readily avail able studies which define consumer demand or supply

curves for the soft shelled clamindustry in Massachusetts or el sewhere.
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Landi ngs data (data on the quantity of shellfish harvested) are collected by
the state but are felt to be reasonably accurate only for recent years.

Exvessel price (price to the digger or firm data are not available. The

Boston area, however, is a major market for the industry. In 1980 consunption
was estimated at approxi mately 625,000 bushelséf Only 20 percent of that
quantity was harvested in Massachusetts, about 125,000 bushels. About 20 to
25 percent was harvested in Maryland and the renainder in Miine. Mine and
Maryl and coll ect nore extensive price and | andings data than does

Massachusetts.

A study was done in Maryland in the nid-1970s for various fisheries in the
Chesapeake Bay, including the soft shelled clam fishery (Marasco, 1975). This
study devel oped the follow ng demand function for the soft shelled clam

fishery, calibrated to late 1960s |andings and price data in Mryl and:

log Q= 2.4606 - 2.3588 log (P/CPl) + .6067 log (I/CPI) RZ2 = .91
(~9.5022) 0/ (. 9463)
wher e,
Q = landings in 1,000 Ibs.
P = exvessel price in ¢/1b.
| = per capita incone
CPlI = consuner price index.

Price elasticity of demand is defined as the ratio of the relative change
in quantity to the relative change in price, i.e., (AQ/Q)/(AP/P). The price
elasticity for clans in theabove equation is -2.3588. Price elasticities for
ot her species included in this study ranged from-.1 to -2. (See Appendix D. 1

for a discussion of other demand curves investigated.)

a2/ Based on Division of Marine Fisheries estinates.
b/ Significant at the .01 |evel.



8-19

Unfortunately, the above demand function and other demand curves
consi dered represent the total denmand faced by the fishernen for their product
which is shipped to nore than one consumer market and not all consumed in
Maryl and. So the estimated price elasticity (-2.3588) cannot be autonmatically
applied to devel op a demand curve for Massachusetts consuners, even if the
markets were assumed conparable. The price elasticity for Massachusetts
consumers m ght be higher than the one in the above equation because many
other fish species mght be considered close substitutes. On the other hand,
it has been said that demand for soft shelled clams in Massachusetts in the
summer is unlimted; any that can be dug can be sold because of the high

tourist demand for this well-known | ocal specialty.

To account for the lack of data, consuner demand functions have been
estimted for Massachusetts for a particular year (1981) for a range of price
elasticities, fromnmre elastic (-3) to less elastic (-.5) than the nunber in
the above equation. G ven the changes in yield estimated in the previous
subsection for each pollution abatenent option and given an estimted average
price for that year ($31.4l/bu§/), new prices were estimted for each

assumed price elasticity. The demand equation used is of the follow ng form

0 _ o
82 - A X P82 OI’,

| og Q82=LogA+oLx Log Pg,

2/ Based on Resources for Cape Ann, 1982, price for 1980 ($28.00) updated
to 1982 price using soft shelled clams price index from National Marine
Fi sheries Service, NOAA, 1983
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wher e
Qg2 = quantity consunmed in the Boston market in 1982
A = const ant
. = assuned price elasticity
Pgo = average 1982 exvessel price for soft shelled clams in

Massachusetts.

Tabl e 8-3 displays the results of these estinmates. The tabl e shows that
as price elasticity increases (from-.5 to -3) and the demand curve becones
flatter, the price changes resulting fromthe increases in clam harvest due to
t he abatenent options, decrease. The price decrease is greatest for the
conmbi ned CSO and STP upgrade option with an inelastic demand curve assumned

K= -.5). The price change is least for the CSO options (taken separately)

with an elastic demand curve assunmed ( X= -3).

For reasons which are described below, it is likely that the primary
source of commercial fisheries benefits that would be associated with the
pol l uti on abatenent options would result from changes in consunmer surplus
rat her than producer surplus. If no producer surplus changes occur (see
bel ow), then total comrercial fisheries benefits (equal to change in consuner
surplus) would be as shown in Table 8-4, following the sane price elasticity

assunptions that were nmade for Table 8-3.

Consuner surplus benefits (Table 8-4) are estimated from the price changes
shown in Table 8-3 and fromthe changes in yields previously estimated for
each abatement option (see Table 8-2). These changes in consuner surplus were

calculated fromthe follow ng equation:

ACS = AP x Q4 + |/2 (AP x AQ)

wher e
A CS = change in consumer surplus ($)
AP = change in price ($)
Qo = initial consunption (bushels)
HQ = change in consunption (bushels).
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Table 8-3. Esti mated Changes in Price of Soft Shelled
Clanms Associated with Alternative Abatement Options
and with Assuned Price Elasticities of Demand (1982%)

| El asticity (d)
Abat ement Opti on | -.5 P - -1 | -2 | -3
CsoO
Constitution Price 31.11 31. 26 31.33 31. 36
AP -.30 -.15 -.08 -.05
Dor chest er / Neponset Price 30.94 31.17 31.29 31.33
AP -. 47 -.24 -.12 -.08
Qui ncy Price 31.18 31. 30 31.35 31. 37
AP -.23 -. 11 -.06 -.04
Conbi ned csc®/ Price 30. 42 30. 91 31.16 31. 24
AP -.99 -.50 -.25 -. 17
STP: COcean Cutfall Price 28.76 30. 05 30.72 30.95
or Secondary Treatnent AP -2.65 -1.36 -. 69 -.46
Conbi ned CSO and STPE/ Price 27.89 29.60 30.19 30.79
AP -3.52 -1.81 | -.92 | 62

a . . . . :

&/ Al'l CSO options are conbined in this row Price changes are greater for

t he combined plans than for the sum of the separate plans, because the demand
equation is not |inear.
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Tabl e 8-4. Esti mat ed Tot al
Associated with Alternati ve Abatenent

Benefits

Opt i ons

and with Assunmed Price Elasticities of Demand (19829%)

i asticity (&)
Abat enent Option I -5 -1 | -2 i -3
CSO
Constitution 5, 239 2,626 1,314 877
Dor chest er / Neponset 8,674 4,353 2,181 1, 455
Qui ncy 3, 936 1,971 987 658
Conbi ned CSO 20, 727 10, 446 5,243 3,501
STP: Ccean CQutfall
or Secondary Treatnent 79, 847 40, 804 20, 627 13, 812
Conbi ned CSO and STP 123, 537 63, 602 32,273 21,622
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It was assuned that the harvest from Boston Harbor shellfish areas is consumed
in the Boston area market. In addition, 16,000 bushels was used as a
reasonabl e estimate of the annual harvest from Boston Harbor restricted areas
before pollution abatenment and, therefore, as the initial consunption estimte
(QO)E/. For a nore detailed discussion of the conmputation methods used to
obtain the new prices, price changes and consumer surplus benefits, see

Appendi x D.2

As shown in Table 8-4, the total benefit levels vary in roughly the same
way as the price changes shown in Table 8-3. This is because as the price
decreases, the difference between price and willingness to pay increases, so
that consumer surplus increases, and is shown by positive nunbers in the
t abl e. The greatest benefits are obtained fromthe options with the greatest
increase in yield and the nost inelastic demand. Total benefits are |arger
for the conbined options than for the sum of the separate options, because the

demand equation is not |inear.

It could also be legitimtely argued that the change in consuner surplus
could be zero. If all the pollution abatement options were inplenented, then
the increased harvest (34,000 bushels) would represent about six percent of
the total market (625,000 bushels). Since it appears that none of the firms
i ncluded in the Boston area market can influence price and since only a small
percentage of them woul d be affected by the pollution abatenent, it could be
reasonably agreed that there would not be a change in consunmer surplus given
the small percentage increases in harvest just mentioned. Not enough is known

about the consuner demand curve, however, to nmeke a definitive judgnent.

a/ Division of Marine Fisheries
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Thus fromthe considerations just discussed, we can conclude that the
range of commercial fisheries benefits resulting frominplenmentation of the
pol | uti on abatenment options in Boston Harbor would be from zero to the
hi gheststimates.levels presented in Table 8-4. The benefits estimtes shown
in Table 8-4, colum 2 (price elasticity = -1) represent noderate |evels

bet ween the upper and | ower bounds just described.

As indicated above, no definitive estinmates concerning producer surplus
changes could be nade due to lack of data. Attenpts were nade to develop a
supply curve but were unsuccessful; these are described in Appendix D.3 along
with an exanple showi ng how to conmpute change in producer surplus, if such

benefits exist.

A reasonabl e argunent can be made that the change in producer surplus
woul d be zero for commrercial shellfishing in Boston Harbor. This argunent is
that the supply curve is flat in the range of interest. If there is unlinted
entry of firnms into the fishery, then the additional profits or rents which
woul d accrue to the nmaster diggers currently operating in Boston Harbor
restricted areas would be dissipated over the long run, leaving no long-term
producer surplus benefits. There do exist institutional constraints on entry
to the fishery; the State of Massachusetts places sone restrictions upon
master diggers allowed to operate in noderately contam nated areas: they nmust
have a special |icense, post a surety bond, utilize specially licensed
enpl oyees, neet certain transport requirenents, keep certain records and are
not allowed to concurrently harvest in areas classified as closed. There are
no absolute restrictions to entry, however; as long as a firm neets the

requirements, it may participate.é/

2/ For a discussion of various options for entry or effort regulation of
New Engl and fisheries, see Smith and Peterson, 1977.
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In addition to the question of official restrictions on entry into the
Bost on Harbor shellfishing industry there is also evidence, as nmentioned in
the Section on Health Benefits, that thousands of bushels of contamn nated
clams are being bootlegged (illegally harvested) fromthe shellfish areas that
are classified as closed by the state. 2 This evidence shows that the
official restrictions on Boston Harbor shellfishing are often ignored and that
in practice there are few barriers to entry. It is, therefore, probable that
the change in producer surplus that would result fromthe control options
woul d only extend over a linited number of years until new firns attracted by
the increased profits are able to neet the entry requirenents. It is
i mpossible to say how | ong these inpediments would prevent new entries, but
over the long termthey nmay not keep the additional profits generated by the

pol I uti on abatenent options from being reduced to zero.

8.2.4 Linmts of Analysis

The major limtation of this analysis of comercial fisheries benefits is
the lack of well-devel oped consumer denmand and supply curves for the soft
shell ed clam i ndustry. This makes application of the theory for estimating
conmercial benefits difficult. However, it is unlikely that a producer
surplus exists and the true demand elasticity probably falls within the
estimted demand elasticity range used in this study. Thus, the analysis was

able to put bounds around the uncertainty.

O her data deficiencies include no good historical data for Massachusetts
on harvest of soft shelled clans, numbers depurated and price to the digger

Little information al so exists on the Boston consunmer nmarket and its sources

and changes over tinme. Furthernmore, there is only a snmall anpunt of data on

2/ Discussions with Division of Marine Fisheries staff and others.
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costs of the firnms in the industry, particularly those with special l|icenses
to operate in restricted areas. The inpacts of pollution abatenent and of
the resulting increase in yields on these costs are hard to judge, especially
t he changes in nunbers of enployees and inconme to the naster diggers. Thi s

| ack of data thus prevented a nore precise estimtion of shellfishing benefits.
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